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ADVERTISEMENT. 


T is proper to apprize the reader who would wiſh to 
| I repeat the experiments recited in the following pages, 
that ſuch experiments are liable to be affected by a va- 
riety of adventitious circumſtances, ſo minute as to re- 
quire the moſt attentive obſervation. A change in the 
temperature of the air in the room, a variation in the 

time that is employed in mixing together the ſubſtances 
which are to have their comparative heats determined, a 
difference in the ſhape of the veſſel, or in the degree of 
agitation that is given to the mixture, will often pro- 
duce a conſiderable diverſity in the reſult of the ſame ex- 
periment. It is poſſible however, by a ſeries. of repeated 
trials, with well conſtructed thermometers, in the ſame 
circumſtances, to make a very near approximation to the 
truth, and, from a coincidence of facts, to obtain a de- 


gree of evidence, on which the mind may reſt with en- 
tire conhdence, 


Much time and labour have been employed in endea- 
vouring to render the following experiments accurate: 
But if, after all, ſome miſtakes of leſs moment ſhould 
be diſcovered, it is hoped that the candour of the public 
will excuſe them, as the author is perſuaded, that the 


facts from which the general concluſions have been drawn, 
are well founded. 
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11.— 19. for © as three to one, read © as three to uu.“ 
12,-17, for ““ thre- pounds of diaphoretic antimony,” read & fir 
pounts ;** and a correſponding alteration ſhould be made in 
the illuſtration to p. 15. 
19.—22. for ©* found,” read “ founded,” 
23.— 7. for © tr. nſmitted,” read © tranſmit,” 
32,12, for Pri:fly, as often as the word occurs,” read C“ Prjeſi{ty,” 
52.— 25. for to equal, read, equal to, 
80.— 3. for who, read which, 
88.— at the bottom, read, by the ſtagnation of the ſerous matter, 
93.— 4 from the bottom, for 3 1, read, 3.1. 
99.— 6 from the bottom, dele and. 
105, S. for fourth, read fifth, 


EXPERIMENTS 


A N D 


OBSERVATIONS 


UP ON 


ANIMAL HEAT, &c. 


[HE words heat and fire are ambiguous. 
Heat in common language, has a double 
ſignification. It is uſed indiſcriminately to ex- 
preſs a ſenſation of the mind, and an unknown 
principle, whether we call it a quality or a ſub- 
ſtance, which is the exciting cauſe of that ſen- 
ſation, * 

By many ingenious philoſophers, in modern 
times, the word Heat has been applied to the 
unknown principle, and has been taken in a 
much greater extent than in common language. 
For, in common language, it is uſed to ex- 
preſs ſuch a degree of the unknown external 
cauſe, as will produce a given effe& upon the 


B ſenſes : 


e See Dr, Reid's Inquiry into the human Mind, 
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ſenſes: but in the philoſophical acceptation, it 
expreſſes the external cauſe in the abſtract, with- 
out regard to the effects which it may produce, 
For the ſake of greater accuracy, in the follow- 


ing Diſſertation, I ſhall, with the ingenious Dr. 
Irvine of Glaſgow, call the latter ab/o/ute heat; 


and what. is denominated heat in common lan- 
guage, I ſhall call / e¹⁰e,ee heat, 

From this view of the matter, it appears, that 
abſolute heat expreſſes that power or element, 
which, when it is preſent to a certain degree, 
excites in all animals the ſenſation of heat; and 
ſenſible heat expreſſes the ſame power, conſider- 
ed as relative to the effects which it produces. 

Thus we ſay, that two bodies have equal 
quantities of ſenſible heat, when they produce 
equal effects upon the mercury in the thermome- 
ter; and that the ſame body has a greater or a leſs 
degree of ſenſible heat, according as it produces 
a greater or a leſs effect upon this fluid, 

But it will hereafter appear, that bodies of 
different kinds, have different capacities for 
containing heat ; and, therefore, in ſuch bodies, 
the abſolute heat will be different, though the 
ſenſible heat be the ſame. If a pound of water, 
for example, and a pound of antimony, have the 
ſame temperature, we ſay that their ſenſible heats 
are equal, But we ſhall find, that the former 
contains a much greater quantity of abſolute 
heat than the latter. 

| Fire 


IT 


t 

Fire, in the vulgar acceptation of the word, 
expreſſes a certain degree of heat, accompanied 
with light; and is particularly applied to that 
heat and light which are produced by the in- 
flammation of combuſtible bodies. But as 
heat, when accumulated in a ſufficient quantity, 
is conſtantly accompanied with light, or, in other 
words, as fire is always produced by the increaſe 
of heat, philoſophers have generally conſidered 
theſe phenomena as proceeding from the ſame 
cauſe;“ and have, therefore, uſed the word 
fre to expreſs that unknown principle, which, 
when it is preſent to a certain degree, excites 
the ſenſation of heat alone, but when accumu- 
lated to a greater degree, renders itſelf obvious 
both to the ſight and touch, or produces heat, 


* 


accompanied with light. 


In this ſenſe, the element of fire ſignifies the 
ſame thing with abſolute heat. 

Theſe definitions and remarks being premiſed, 
I ſhall proceed to give the reader a conciſe view 
of the general fas upon which the experiments, 
recited in the following pages, are founded, 

1. Heat is contained in great quantities in all 
bodies, when at the common temperature of the 
atmoſphere. | 

In the deſerts of Siberia, as we learn from Baron 
Demidoff, the mercury ſometimes falls an hundred 


and 


* See Boerhaave, Martine, M Quer, &c, 
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and fifty degrees below the freezing point. This 
is the moſt intenſe natural cold that has ever been 
known. But a much greater degree of cold has 
been produced by arr. At Peterſburgh, in the year 
1759, the heat was ſo much diminiſhed by a mix- 
ture of ſnow and ſpirit of nitre, in the time of a 
ſevere froft, that the ſpirit of wine thermometer 
ſunk to 148, and the mercurial thermometer to 
352 degrees below the beginning of Farenheit's 
ſcale. As in this experiment the mercury was 
frozen, and as before its congelation, it con- 
tracted ſuddenly and irregularly, it has been 
concluded by Dr. Black and Dr. Irvine, that 
the cold which was then produced, was ſuch as 
was indicated by the ſpirit of wine thermometer; 
and, therefore, 148 degrees below © Is conſi- 
dered as the freezing point of mercury. This 
is the greateſt cold that has ever been obſerved 
in nature; and yet we have no reaſon to believe 
that the bodies which were expoſed to it, were 
deprived of their whole heat. From theſe facts, 
however, we may conclude with certainty, that 
heat is contained in great quantities in all bo- 
dies, when at the common temperature on the 


- atmoſphere, 


2. Heat has a conſtant tendency to diffuſe __ 
itſelf over all bodies, till they are brought to 
the ſame degree of ſenſible heat. 


Thus, it is found by the thermometer, that 
if two bodies, of different temperatures, are 


mixed 


CS} 


mixed together, or placed contiguous, the heaz 
paſſes from the one to the other, till they both 
come to the ſame temperature; and that all inani- 
mate bodies, when heated, and placed i in a cold 
medium, continually loſe "Mr till, in proceſs of 
time, they are brought to the ſtate of the ſur- 
rounding medium. 

3. If the parts of the ſame homogeneous body 
have the ſame degree of ſenſible heat, the quan- 
tities of abſolute heat will be proportionable to 
the bulk or quantity of matter. Thus the 
quantity of abſolute heat contained in two 
pounds of water, muſt be conceived to be double 
of that which is contained in one pound, when at 
the ſame temperature. This I think is evident 
from the ſimilarity in the particles of the ſame 
homogeneous ſolid and fluid ſubſtances. For 
the particles being ſimilar, their powers will be 
equal 3 their capacities for receiving heat will be 
the ſame z and therefore the quantities of abſo- 
| Jute heat which they contain, will be in propor- 
tion to the bulk or quantity of matter. 

4. The mercurial thermometer 1 is an accurate 
meaſure of the comparative quantities of abſo- 
lute heat, which are communicated to the ſame 
homogeneous bodies, or ſeparated from them, as 
long as ſuch bodies continue in the ſame form. 

To illuſtrate this, let us ſuppoſe two equal 
parts of mercury, or of any other fluid, And let 
ſhe part A be raiſed to a higher temperature 
Pe 16 | 6 than 


| Tame temperature, let the 8 


6 
than the part B, A will therefore contain a 
greater quantity of abſolute heat than B. Let 
them now be mixed; and according to the ſe- 
cond general fact, they will arrive at the ſame 
common temperature. But they cannot come to 
the ſame temperature, unleſs A communicates 
to B, one half of the exceſs of its heat above the 
driginal heat of B. . 

For, let the whole heat 42— e 
contained in A, previous to | 
the mixture, be repreſented * p—*—| 
by the figure, abc. And 
let the heat contained in B 
be repreſented by F g b. 
When they are mixed to- 
gether and brought to the 


heat of A be diminiſhed by the figure a / m c, 
and let that of B be increaſed by the figure if 
k. And fince the heat which is taken from A 
is the very ſame with that which is added to B, 
it is manifeſt that @ / m c muſt be equal to if 
E. Now it is affirmed, thata/mc, or if b kh, 
is equal to /d em, or in other words, that A 
communicates to B one half of the exceſs of its 
heat above the original heat of B, For from 
the third general fact, it is evident, that when 
A and B are brought to the ſame temperature, 
they contain equal quantities of abſolute heat. 
Therefore the figure i g &, is equal to the figure 

| Im 6b, 


EPI 
13m, For the ſame reaſon the figure fg b, ia 


equal to the figure dþc, And therefore the 


remainder i f h RK Or al Nc, is * to the re- 
mainder Ide m. 


If, therefore, a mercurial thermometer, of the 
fame temperature with a quantity of water, the 
abſolute heat of which is repreſented by d h e, 
be immerſed in the ſame water, when its ab- 
ſolute heat is repreſented by In, and bt 
again immerſed in it, when its abſolute heat 
is repreſented by abc; and if the expan- 
ſions of the mercury be in theſe inſtances, in the 
ratio of one to two, it is evident that the ex- 
panſions, and the increments of abſolute heat, 
will be in exact proportion. 

A variety of experiments were made upon 
this principle by Monſ. De Luc, from which it 
appears, that the expanſions of mercury between 
the freezing and boiling points of water, correſ- 
pond preciſely to the quantities of abſolute heat 
applied 

The mercurial thermometer therefore is an 
accurate meaſure of the comparative quantities 
of abſolute heat, which are communicated to the 
ſame homogeneous bodies, or ſeparated from 
them, as long as ſuch bodies continue in the 
fame form, 

It has been already ſhown, that in the ſame 
homogeneous bodies, if the quantities of matter 

be 


635 

be different, but the temperatures the ſame, the 
quantities of abſolute heat will be, in proportion 
to the quantities of matter. | 

It now appears, that in the ſame homogeneous 
bodies, if the temperatures be different, but the 
quantities of matter the ſame, the quantities of 
abſolute heat will be in proportion to the tem- 
peratures, or to the expanſions in the mercurial 
thermometer. | 

For let the whole of the abſolute 2 — | 
heat contained in a pound of ice, at | 
the temperature of o, the beginning f 
of Farenheit's ſcale, be repreſented by 
the figure, 4 h cad, and let this 
heat be diminiſhed till it becomes equal to e & 
cf, which is the one half of 3 U c d. If a 
mercurial thermometer were deprived of its 
whole heat, and applied to the ice when its heat 
is repreſented by ec, and were again ap- 
plied to the ſame ice when its heat is repreſented 
by abcd; the expanſion produced by the 
heat eb c f, would be to that produced by &« 
bcd, in the ratio of one to two.“ If abe 
d were tripple of ebcf, the expanſions would 
be in the ratio of one to three; and, univerſally, 
the temperatures being different, but the quan- 
tity of matter the ſame, the quantities of ab- 
ſolute heat will be in proportion to the tem- 


— 


— f: 


It is here ſuppoſed that he's mercury continues fluid | when it 
is deprived of its whole heat, 


ION 


peratures, as meaſured by the mercurial thermg- 
| meter. 

This concluſion is an inference from De Luc's 
experiments, which prove, as was obſerved above, 
that the expanſions of mercury are in proportion 
to the increaſe of the abſolute heat, and its con- 
tractions to the diminution of this element, in all 
the intermediate degrees, between the boiling 
and freezing points of water: from whence it 
is inferred, that if the mercury were to retain 
its fluid form, its contractions would be pro- 
portionable to the decrements of the abſolute 
heat, though the diminution were continued to 
the point of total privation. 

Corollary, If therefore the ſenſible heat of a 
body, as meaſured by the mercurial thermome- 


ter, were to be diminiſhed the one half, or the 


one third, or in any given proportion, the abſo- 
Jute heat would be diminiſhed in the ſame pro- 
portion, 

5. The comparative quantities of abſolute 
heat which are communicated to different bodies, 
or ſeparated from them, cannot be determined in 
a direct manner by the thermometer. Thus if 
the temperature of a pound of mercury be raiſed 
one degree, and that of a pound of water one de- 
gree, as indicated by the thermometer, it does 
not by any means follow, that equal quantities 
of abſolute heat have been communicated to the 
water and the mercury. 


8 1 


T - * 


* 9 — 
* — = — 8 - 
- * . -_ OG —— * * 


- 
* 
e GO OS <A EEE OI oe. - = = — — — 
1 — — 2 2 =_ 7 — — — — — — — — — — = 
_ — * 2 — — — —_ 
— — 2 — —— — — — — 
—— * &s FE . = 


2 —— — — eee TS — 
——— FE Se + +0 a9 en 


8 


It has been e by ſome philoſophers, 
that the quantities of abſolute heat in bodies, are 
in proportion to their denſities. Bocrhaave. was 
of opinion, that heat is equally diffuſed thro all 
bodies, the denſeſt as well as the rareſt, and 
therefore that the quantities of heat in bodies are 
in proportion to their bulk. | 

But it appears from experiment, that the law of 
the diſtribution of heat throughout the various 
claſſes of natural bodies, is not according to the 
ratio either of bulk or denſity. 

The firſt attempt to determine by experiment 
the comparative quantities of abſolute heat in 
bodies, was made by F arenheit, at the defire of 
Boerhaave. 

The following i is a ſhort ſketch of this attempt, 
nearly in the words of the author: 

If you take equal quantities of the ſame fluid, 
and give them different degrees of heat, and mix 
them — Pe the temperature of 
the mixture will be half the exceſs of the hotter 
above the colder. 

If, for example, a pint of boiling water at 212, 
be mixed with a pint of the ſame fluid at 32, 
the temperature of the mixture will be 122 : the 
warm water will be cooled go degrees, and the 
cold water heated 90. 

But if this experiment be made with water and 


mercury, in the ſame circumſtances, the effect a 
will be very different, 
For 


1 

For ir ydu take equal bulks of mercury and 
water, and give the water a greater degree of heat 
than the mercury, the heat of the Ar will 
always be greater than half the exceſs of the heat 
of the water above that of the metcuty. 

On the other hand, if the mercury be hotter 
than the water, the temperature of the mixture 
will conftantly be leſs than half the exceſs of the 
heat of the mercury above that of the water. 
The changes which are produced in the tempe- 
ratute of the water and mercuty, in che fitſt of 
theſe inſtarices, ate found to corteſpond to thoſe 
Which are produced, by mixing three parts oF 
hot water with two of cold ; and in the ſecond 
inſtance, to thoſe which take place, when three 
parts of cold water are mixed with two of hot. 
Thar is, the change produced in the heat of 
the mercury, is to that-produced in the heat of 
the water, as three to one. /a + 

From the former of thele experiments it was 
juſtly concluded by Boerhaave, that in the ſame 
body, the diſtribution of fire is in ae eee to 
the bulk or quantity of matter. 

But from the experiments with water and mer- 
cury, he concluded very unwarrantably, that heat 
is equally diffuſed thro? all bodies, the denſeſt as 
well as the rareſt; and therefore that the quanti- 
ties of heat in different bodies, are in proportion 
to their bulks or to the ſpaces which they oc- 
cupy. 


Theſe 
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Theſe experiments have been repeated and vas 
ried in the preſent age, and very different con- 
clufions have been drawn from them. 

I have already obſerved, that, . if a pint of 
mercury at 100, be mixed with an equal bulk 
of water at 50, the change produced in the 
heat of the mercury, will be to that, produced 
in the heat of the water, as three to two; from 
which it has been inferred, that the. abſolute 
heat of a pint of mercury, is to that of an equal 
bulk of water, as two to three: or, in other 
words, that the comparative quantities of their 
abſolute heats are reciprocally proportion able to 
the changes which are produced in their ſenſible 
heats, when they are mixed together at different 
temperatures.“ 

The truth of this concluſion may * Wu 1 
trated in the following manner. 

If three pouads of diaphoretick antimony at 
20, be mixed with one pound of ice at 32, the 
temperature of the mixture will be very nearly 
26, The ice will be cooled fix degrees, and 
the antimony heated ſix, If we reverke the ex- 

periment, 


* This fa& has, for ſeveral years, been taught publickly by 
Dr. Black and Dr. Irvine, in the Univerſities of Edinburgh 
and Glaſgow: and it has been applied by Dr. Irvine, to the 
folution of a variety of curious and important phenomena. 

It is hoped, that thoſe learned and ingenious. philoſophers will. 
ſoon favour the world with their reſpective diſcoveries in this 
branch of ſcience, 


. 

periment, the effect will be the ſame. That is; 
if we take ſix degrees of heat from three pounds 
of antimony, and add it to a pound of ice, the 
latter will be heated ſix degrees. The ſame 
quantity of heat, therefore, which raiſes a pound 
of ice {ix degrees, will raiſe three pounds of an- 
diane ſix degrees. 

If this experiment. be made at different tem? 
| peratures, . we ſhall have a ſimilar reſult, If, 
for example, the antimony at 15, or at any 
given degree below the freezing point, be mixed 
with the ice at 32, the heat of the mixture will 
be half the exceſs of the hotter above the-colder. 
From hence we infer, that the reſult would be the 
ſame, if the antimony were deprived of its 
whole heat, and were mixed with 5 at 32. 
But it is. evident, that, in this caſe, the ice 
would communicate to the antimony, the half of 

its abſolute heat.“ For, if 200 below froſt, 
be conceived to be the point of total priva- 
tion, the antimony will be wholly deprived 
of its heat, when its temperature is dimi- 
niſned 200 degrees below 32; and the heat 
contained in the ice, when at 32, will be 200 
degrers. If we now ſuppoſe them to be 
mixed together, the temperature of the mixture 
will be half the exceſs of the hotter above the 
colder; or the ice will be cooled 100 degrees, 


and 


* Sce the Corollary 6, the 4th general faſt. 


C07 = 
and the antimony heated 100. The one half 
of the heat, therefore, which was contained in 

the ier, ptevious to the mixture, will be com- 
municated to the antimony: from Which it is 
manifeſt, that, after the mixture, the ice and 
antimony muſt contain equal nn of abſo- 
lute heat. 

To place this in another light, it b been 
proved, that the ſame quantity of heat which 
raiſes a pound of ice fix degrees, will raiſe three 
pounds of antimony ſix degrets. From which 
it is inferred, that the ſame quantity of heat 
which raiſes the ice 200 degrees, or any given 
number of degrees, will raiſe the 1 an 
equal number of degrees.“ 

A pound of ice, therefore, and three pou 
of antimony, when at the ſame temperature, 
contain equal quantities of abſolute heat. But, 
it appears from the third general fact, that 
three pounds of antimony contain three times as 
much abſolute heat, as one pound of antimony; 
and hence the abſolute heat of a pound of ice, is 
to that of a pound of antimony, as three to 
one. 

Again, if a pound of ice at 32, be mixed 
with a pound of antimony at 12, the tempera- 
ture of the mixture will be 27; the ice will be 
cooled five degrees, and the antimony heated 


153 


lt is here * that the ice continues in the ſame 
form, 


j . 
163 or the change produced in the ſenſible 
heat of the ice, will be to that produced in the 
ſenſible heat of the antimony, as one to three. 
But it was befare praved, that the abſolute: hear 
of a pound of ice, is ia that of a pound of an- 
timony, as three ta one. From which it is evi- 
dent, chat the comparative quantities of abſa- 
lute heat, in equal weights of ice and antimony, 
are reciprocally praportionable to the changes 
which are produced in their ſenſible heats, when 
they are mixed together at different ARIES: 
tures, * 
has it appears, that the comparative quan- 
tities of abſolute heat in bodies may be deter- 
mined, by mixing them together as above, and 
and obſerving the changes which are produced 
in their ſenſible heats. This rule, however, 
does not apply to thoſe ſubſtances, which, in 


mixture, excite ſenſible heat or cold by chymi- 
cal action. 


From 


I have thus endeavoured briefly to eſtabliſſi the truth of the 
above doctrine, as a neceſſary introduction to the experiments 
which follow, but the more full and complete illuſtration of it 
I ſhall leave to Dr. Black and Dr. Irvine. 

This diſcovery opens a wide field for inveſtigation, as by means 
of it we are enabled to eſtimate the comparative quantities of 
abſolute heat in bodies, and to determine with certainty and ac- 
curacy, the various proportions in which the element of fire is 
digributed throughout the different kingdoms of Nature, 


. ( 16 ) 
From the reaſoning which was employed to 
eſtabliſh the above propoſition, it follows, that 
equal weights of heterogeneous ſubſtances, as 
air and water, having the ſame temperature, 

' may contain unequal quantities of abſolute heat, 
=. There muſt, therefore, be certain eſſential dif- 

'' ferences in the nature of bodies, in-conſequence 

of which ſome have the power of collecting and 

retaining the element of fire, in greater quan- 

'S tities than others, Theſe different powers are 

(| called in the following pages, the capacities of 

78 bodies for containing heat. Thus, if we find 

i by experiment, that a pound of water contains_ 

. three times as much abſolute heat, as a pound 

| 1 | of antimony, the capacity of water for contain- 

( ing heat, is ſaid to be to that of antimony, as 

| three to one, 


* SEC T. 
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AVIN G 6 premiſed't theſe 3 facts, I ſhall 
no lay before the reader my Experiments 


on Animal Heat, and the Inflammation of 
Combuſtible Bodies. * 


Tt was obſerved above, that ſenſible a has | 
a conſtant tendency to diffuſe itſelf equally over 
all bodies, till they are brought to the ſame 
temperature. From this property of heat, it is 
manifeſt, that thoſe animals which have a higher 
temperature than the medium in which they 
hve, muſt be continually communicating heat 
to the ſurrounding bodies. Since therefore, - in 
| | | D the 


® T think it Proper to obſerve; that I was led to the conſide- 
ration of this ſubject, in conſequence of having attended the 
chymical Lectures of the learned and ingenious Dr. Irvine of 
Glaſgow. And it is a tribute of juſtice which I owe to this 
philoſopher, to acknowledge, that the ſolution, which he has 
given of Dr. Black's celebrated diſcovery of latent heat, or 
of the heat which is produced by the congelation of water, 
ſpermaceti, bees wax, metals, &c. Ry the views oo 
gave riſe to my experiments. 

I muſt alſo add, that Dr. Irvine, -from the ſolution which 
he has given of the above phenomena, and from the general 
fact, that heterogeneous bodies have different capacities for 

+ containing heat, concluded, that there was a difference between 
the abſolute heat of fixed and atmoſpherical air. It remained 
to aſcertain this difference, and to determine by experiment, 


whether fixed or atmoſpherical air, contained the greater quan- 
tity of abſolute heat, 


685 


the animal kingdom, there is a conſtant diff pa- 
tion of heat, it follows; that there muſt be a 
proportionable ſupply of this element, to re- 
pair the waſte. For, if the animal body had not 
che power of exciting or collecting heat, it would 
foon arrive at the temperature of the ambient 
medium. 

Wich a view to difcover. the nature of this 
power, 1 made a variety of experiments, in 
the: ſummer 177% on animal, vegetable and 
mineral ſubſtances; ſome of which I ſhall now 
relate, as. I think they have led to the true 
ſource, from whence: the heat of animals, andꝰ 
the heat which. is produced by the inflamma- 
tion of combuſtible bodies, is derived. | 

- F muſt firſt obſerve, that experiments for de. 
termining the comparative quantities of abſolute 
heat in bodies, are liable to three cauſes of inac- 
curacy. 1. When the ſubſtances to be com- 
pared, are mixed together, a certain time is re · 
quired for the heat to paſs from the warmer to 
the colder body, till they arrive at the ſame 
temperature, If they be intimately mixed, and 
the veſſel be a little agitated, a minute is gene- 
rally ſufficient. During this interval, a part of 
the heat is carried off by the furrounding at- 
moſphere. It therefore becomes neceſfary, to 


calculate the heat which is thus loſt 1 in the firſt 
minute, 


A very 


1 9 9 
A vety erg and "ag cry" rule was laid 


Iſaac Newton, TITS | 
- Conlidering che beat i in a body, as the exceſs 
whereby i it is warmer than the ſurrounding me- 
dium, he ſuppoſed, that the quantities of ;heat 
. Joſt in ſmall portions of time, would always be 
proportionable to the heats remaining. Thus, 
if a body were 180 degrees hotter than the at- 
moſphete, the quantity of heat which it would 
loſe in a given moment, would be double of 
that which it would loſe in an equal portion of 
time, if it were only 90 degrees hotter than the 
atmoſphere, And, therefore, if the times be 
taken in arithmetical progreſſion, the decrementsof 
heat will be in geometrical ren But, 
it has been obſerved by Dr. Martine, that this 
rule is not to. be admitted without ſome 
reſtriction. He has inferred from a variety of 
Experiments, that the. differential decrements are 
in a proportion ſomewhat greater than the inhe- 
rent quantities of heat; and, therefore, that 
the quantities of heat loft, are partly equable, 
and partly in geometrical progreſſion. | 
This obſetyation of Dr, Martine, it «muſt be 

allowed, is well found, But when, the body, 
which is to be the fubject of an experi- 
. tranſmits heat very faſt, and its tempe- 

_ Tature 


9 dee Martine's Eſſays. 
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rature is much greater than that of the am- 
bient medium, the error produced, by cal- 


culating according to Sir Iſaac Newton's rule, 
is ſo very inconſiderable, that it may be ne- 


| Slected. 


On the contrary, - when the Ane is 


made in a veſſel that tranſmits heat very ſlowly, 


and the heat of the ſubſtance to be examined 


is not much greater than that of the atmoſphere, 


the quantities of heat loſt in any two ſmall ſuc- 
ceſſive portions of time, approach ſo nearly to 
an equality,. that the difference cannot be diſ- 
tinguiſhed by the niceft ' thermometer, That 


this obſervation is well founded, ren from 
the following experiment: : 


A pound of water in an earthen veſſel, ban 


raiſed to 120, the temperature at the end of 


* 


x minute yas e 
* e 
T 01700 0G 
1 . 

6 — — 114 

7 — 1 113 


In the experiments which I ſhall hereafter re- 
late, the order of cooling was obſerved for ſe- 


veral minutes; and, in general, the heat which 
was loft in the firſt minute, was calculated ac- 


cording to Sir Iſaac Newton's rule, from the 
ſeries of en determined by obſervation. 


I muſt 


4 — —„— 


n | 

I muſt here obſerve, that I believe Dr. Irvine 
was the firſt who applied this rule of Sir Iſaac 
Newton, to calculate the hear loſt during the 
firſt minute, in . for — the 
abſolute heat of bodies. | 
2. If, in making theſe experiments, the lub 
ſtance which has the greateſt heat, be mixed 
with that which has the leaſt, in a cold veſſel, 
a part of the heat will be communicated to the 

veſſel: But if the experiment be made in a 
warm veſſel, the cold ſubſtance will receive 
heat, not only from the warm ſubſtance, but 
from the veſſel in which it is contained. 

The moſt effectual method of avoiding this 
Cauſe of inaccuracy, is firſt to determine the ca- 
_Pacity of the veſſel for receiving heat, compared 
with that of one of che ſubſtances to be examin- 

* 

7 The relative capacity of the veſſel, in which 
ſome of the following experiements were made, 
compared with that of water, was thus determin- 
ed. . 

The air in the room being — 61 
A pound of water alt — — 168 
was poured into an earthen veſſel at 68 
The temperature of the water at the end of 


1 minute was — — 185 
2 2 — 130 
162 — 2- 4:61.46 


2 f | To 


(22) 


To diſcover the heat communicated to the 


atmoſphere in the firſt minute, ſay as 84 to 89 ſo 


is 94 to a fourth proportional, which gives 99.5, 

From which it appears that 5.5 were carried off 
by the air in the firſt minute, adding 5.5 to 155 

we have 160.5 for the true nappy of the 

water and of the veſſel. - 

Subtracting this from 168, we have 9.5 for 
the quotient. The water was therefore cooled by 

the veſſel 7.5, and the veſſel was heated by the 
water 92:5. And ſince the veſſel received this 
heat from the water, it is manifeſt that the ſame 
quantity of heat, which changes the temperature 


of a pound of water, 9.5 will change the tempe- 


rature of the veſſel 92.5. And by a parity of rea- 
ſoning, the ſame heat which raiſes the water one 


| degree, will raiſe the veſſel 124, If therefore, 


in any experiment, we find that the veſſel has 
received 124 of heat from a pound of water, we 
may be ſure that the ſeparation of this heat, has 
cooled the water-one degree. | 

3. In experiments for determining the abſolute 
heat of bodies, water is generally the ſtandard, 


When the body which is to have its heat compa- 


red with that of water, tranſmits heat very ſlow- 
ly, it frequently happens, that the different parts 
'of the mixture, cannot be brought preciſely ta 
the ſame temperature for ſeveral minutes. Thus 
T find that in experiments upon vegetables 
and the calces of metals, there is a conſider- 

able 


() 
able difference, at the end of the firſt minute: 
between the heat of the mixture at the ſurface, 
and that at the bottom of the veſſel; ariſing 
partly from the tendency of the warmeſt part of 
the water to remain at the ſurface, and partly 
from the difficulty with which the above- men- 
tioned fubſtances tranſmitted heat. This may 


be remedied in ſome degree, by mixing the bodies 


togetfier intimately, and agitating the mixture 


briſkly. But by much agitation, the heat is 
carried off ſuddenly and irregularly, which 
makes it difficult to caleulate the heat that is 
loſt in the firſt minute. 

The method which I apprehend, leaſt liable to 
error, is to agitate the mixture moderately, and at 
the end of the firſt minute, to take the arithmetical 
mean between the heat at the ſurface, and that at 
the bottom of the veſſel; and if in a variety of 
experiments, in different circumſtances, we find 
that the reſult is nearly the ſame, we may be ſure 


that we have approached very near the truth. 


With' theſe precautions, the following experi- 


ments were made, to determine the abſolute heat 


of ſome of the moſt common vegetable and ani- 
mal ſubſtances, compared with that of water. 


"EXPERIMENT I. 

Air in theroom — — 69 

A pound of wheat at — 66 

was mixed with a pound of water at 166 

The mixture being agitated for a ſhort time, 
The 


— 


6340 
The temperature at the end of 
ſurface bottom medium 
1 minute was 138 128 = 133 
2 = - .-, 134 128 1329. 
- n 1 131 © 122 126+ 
$4.1... 1386 120 123 
The mean temperature or the mixture at the 
end of one minute was 133, at the end of two 
minutes 1292, at the end of three minutes 1262: 
And therefore the heat carried off by the air in 
the firſt minute, being calculated according to 
Sir Iſaac Newton's rule, was very nearly 3+. If we 
add this to 133, we ſhall have 136+ for the true 
temperature of the mixture. It was proved that 
the capacity of the veſſel for receiving, heat, 
was to that of the water as 1 to 123, In the ex- 
periment which we are now conſidering, the 
veſſel was raiſed from. 66 to 133, or 67.5 
dividing this by 124, we have nearly 8.5 for the 
quotient, From which it appears, that the water 
was cooled by the veſſel 5.5, or the veſſel ſepa- 
rated 5.5 degrees from the water. The true tem- 
perature of the mixture was 136%, ſubtracting 
this from 166, we have 292 for the remainder, 
The water was therefore cooled 29% by the wheat 
and the veſſel together. But we have ſhown 
that it was cooled 5.5 by the veſſel ; it was there- 
fore cooled 24 by the wheat. But the wheat 
was raiſed from 66 to 136 or 70.5, It follows, 
that the ſame quantity of heat which will change 
| the 


1 


. 0 260 

| the temperature of water 24, will change that of 
wheat 70%. Therefore the abſolute heat of 
water is to to that of wheat, as 79% to 24, or 
very M as 9 to 1. 


04 21 


EXPERIMENT II. 


| Airi in the room — — 60. 
One pound of oats, having the hulls 
taken off, at — 61, 


was mixed with one pound of water at 161 ; 
The temperature of the mixture at the end of 
„ ſurface bottom medium 

t minue was 127 123 12235 

2 3226 122 14497 

Oo: <0881- 410. 

$i» -» +318 - $284 

88 - 114 - 116 

Mts = el 311- - ' I05 

To 125, the mean temperature of the mixture, 
adding 2+ for the heat carried off by the air in 
the firſt minute, we have 1274 the true tempe- 
rature of the mixture, 

By calculating, as in the preceding experi- 
ment, it appears that the water was cooled by 
the veſſel nearly 5.4. The oats were raiſed from 
51 to 1271 or 66; ſubtracting 1274 from 161, 


we find that the water was cooled by the oats 


and the veſſel together gg; but it was cooled 
5.4 by the veſſel; it was therefore cooled 28.1 
| E gf by 
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Air in the room 
One pound of beans at 
was mixed with one pound of water at 160; 


The temperature of the mixture at the end of 
5 | ſurface 
1 minute was 119 = 


117 = 
116 
8 
KS: 
Hogs - < 
1072 
I01 = 


5 6 | 
by the water: and hence the abſolute. heat © 


of water is to that of oats, as 66.5 to 28. 1, or 
28 2.36 to 1, that is, nearly, as 25 to 1. 


5 


bottom 

1143 
109 
107 
106 
105 
1042 
104 


101 | 

To 116 adding g degrees for the heat carried 
off by the air in the firſt minute, we have 119 for 
the temperature of the mixture. It appears, from 
calculation, that the water was cooled by the 
veſſel 4.8. The beans were raiſed from 60 to 119, 
or 59 degrees, ſubtracting 119 from 160, we find 
that the water was cooled, by the beans and the 
veſſel together, 41 degrees. But it was cooled by 
the veſſel 4.8. It was therefore cooled by the. 
beans 36.2, And hence the abſolute heat, of wates 
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EXPERIMENT UI. 


3 


60, 


medium 


116 
8 
1114 
109% 
108 

107 
106 
101 
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is to that of beans 23 59 to 36. 2, or nearly as 
1. 6.10 I, iel 


BXPERIMENT . 
Air | JS, . SH : 6 8 
A pound of a at "1; ov 
was mixed with, a pound of water at 160z 


The temperature « of the mixture at the end of 


ſurface bottom medium 
1 minute was 126 - 120 - 123 
:: 4h wg a 122 = .115 - 118; 
II - 19 - 1g = a8 
„F 


To 123, the mean temperature, adding 4.z for 
the heat carried off by the air in the firſt minute, 
we have 1271 the true temperature of the mi x- 
ture. The veſſel was rai ed by the water 662, 
dividing this by 12x, we haye 5.3 for the quo- 
tient ;- by which it appears that the water was 
cooled by the veſſel 5.3. The barley. was raiſed 
from 60 to,127z or 67z, The water was cooled 
by the veſſel and the barley together, from 160 to 
1271, or 321. But it was cooled 5.3 by the veſſel. 
It was therefore cooled 27.2. by the barley : and 
hence the abſoſute heat of water is to that of bar- 


dey as 67.5 to 27. 2, or nearly as 2.4 to 1. 


. \ A 
Air 


60. 


One pound of the lungs of a 0 at 59, 
Was 


* 28 ), 
was mixed with a pound of water at 149; 


The mixture at the end of | 
ſurface bottom medium 


1 minute was 112 108 110 
® VI I +. ich e !- 4 10775 
: „ „ 200 - / 205 - 3064 
103 103 103 
Adding 2.5 fie the heat carried off by the 
air in the firſt minute, we have 112.5 for the 
true temperature of the mixture, 

The veſſel was raiſed from 59 ro 112.5, or 
53:5» Dividing this by 123, we have nearly 
4-3 for the quotient. From which it appears, 
that the water was cooled by the veſſel 4:3: 
The fleſh was raiſed from 59 to 112.5, Or 53-5, 
The water was cooled by the fleſh and the 
veſſel, from 149 to 112.5, or 36.5: but it 
was cooled 4.3 by the veſſel; it was, therefore, 
cooled 32.2 by the fleſh, And hence the abſo- 
lute heat of water is to that of fleſh, as 53.5 ta 
: Or, nearly as 1.3 to 1. 


EXPERIMENT VI. 
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5 Air — N halen" | 60, 
One pound of milk at — bo, 
was mixed with a pound of water at 160; 
The temperature at the end of ws 
ſurface bottom medium. 
I minute was 109 107 108 
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To 108, the mean temperature, adding 2.8, 
we have 110.8, the true tetnperature of the 
mixture, ö 

The veſſel was raiſed by the water 30.8. The 
water was therefore. cooled. by the veſſel 4.1. 
But it was cooled by the milk and the veſſel 
together 49.2. It was conſequently cooled by 
milk 45.1, 

The milk was raiſed from 60 to 1103, or 
50.8. And hence the abſolute heat of water is 
to that of milk, as 50.8 to 45.1; or, nearly 
AS 1. 1 to 1. 


EXPERIMENT vn. 


Half a pound of water at — 47; 
was mixed with a half a poundof blood at 98; 
Having agitated the veſſel, the heat was in a 
ſhort time nearly equally diffuſed over the 
whole, and the mixture continuing fluid for 
the ſpace of two minutes, its temperature at the 


endof x minute was — T0; |= 
2 — 70 coagulated. 
3 * 9 
4 — — 70 
5 — 70 
6 — — 69 


The blood, which was the ſubject of this ex- 
periment, was procured from a ſheep, by di- 
viding the veins and arteries of the neck; and 

appeared 


"I . 
appeared by its colour, to be à mixture of 
venous and arterial blood, though conſiſting 
chiefly of the latter. The capacity of the veſſel 
in which this experiment was made, for contain- 
ing heat, was to that of the water, as s'6 to 94 ; 
or, nearly as 1 to 153.6. / 33. 302 

The mixture cooled (if we except the time of 
its coagulation) at the rate of one degree in 4 
minute. Adding one degree for the heat loſt 
in the firſt minute,” we have 72 for the heat of 
the mixture. The veſſel was raiſed by the 
blood, from 47 to 72, or 25 degrees. The 
blood was therefore cooled by the veſſel nearly 
1.6: it was cooled by the water and the veſſel 
together 26 degrees, It was therefore cooled by 
the water 24.4. The water was raiſed 25 de- 
grees. And hence the abſolute heat of a mix- 
ture of venous and arterial blood is to that of 
water, as 25 to 24.4. 

Theſe experiments prove, in ann that 
fleſn, milk, and vegetables, contain leſs ab- 
ſolute heat than water, and water leſs than 
blood. Blood, thereſore, contains a greater 
quantity of abſolute heat, than the principles 
of which it is compofed, 

The remarkable accumulation of heat in this 
fluid, led me to ſuſpect, that it abſorbs heat 
from the air, in the proceſs of reſpiration, And 
in this ſuſpicion, I was much confirmed by the 
following conſiderations : 


1. Thoſe 


0 2 ) 
1. Thoſe 8 which are furniſhed with 

y and. which continually inſpire the freſh 
air in great quantities, have the power of keep- 
ing themſelves at a temperature conſiderably 
higher than the ſurrounding atmoſphere, But 
animals that are not furniſhed with reſpiratory 
| organs, are very nearly of the ſame temperature 
with the medium in which they . 
2. Among the hot animals, thoſe are the 
warmeſt, which have the largeſt reſpiratory 
organs, and which conſequently breathe the 
greateſt quantity of air in proportion to their 
bulk. Thus, the reſpiratory organs of birds, 
compared with their ſize, are more extenſive 

than thoſe of any other animal; and birds 
have the greateſt degree of animal heat. 

3. In the ſame animal, the degree of heat, is 
in ſome meaſure proportionable to the quantity 
of air inſpired in a given time. Thus, we find 
that animal heat is increaſed by exerciſe, and by 
whatever accelerates reſpiration, 

From theſe conſiderations, I was naturally led 
to a more particular examination of, this ſubject : 
the reſult of which, is comprchended in the fol- 
lowing propoſitians : 


* 


PROPOSITION I. 


g Atmoſpherical air contains a greater qr an- 
tity. of abſolute heat, than the air which is 
expired 
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expired from the lungs of animals; and the 
quantity of abſolute heat contained in any 
kind of air that is fit for reſpiration, is very 
nearly 1 in proportion to its purity, or to its & 297. 
in ſupporting animal life. 

Before I proceed to the direct bo- of this 
propoſition, it is neceſſary to conſider the nature 
of the change which the air undergoes in the 
lungs. It is well known, that the air expired 
from the lungs, occaſions a precipitation in 
lime water. A part of it, therefore, conſiſts of 
fixed air, It has been found, by Dr. Prieſtly, 
that the reſiduum of this air, is a mixture of at- 
moſpherical, and what he has called phlogiſti- 
cated air, a ſpecies of air which occaſions no 
precipitation in lime water, but which extin- 
guiſhes flame, and is noxious to animal life. 

That the fixed air produced in reſpiration, 
depends upon a change, which the atmoſpherical 
air undergoes in the lungs, is, I think, evident 
from the following 1 

Air is altered in its properties by phlogiltie 
proceſſes, and though many of theſe proceſſes are 
totally different from each other, yet the change 
produced in the air, is in all caſes, very nearly 
the ſame. It is diminiſhed in its bulk. It is 
rendered incapable of maintaining flame, and of 
ſupporting animal life. And, if we except a very 
few inſtances, where the fixed air is abſorbed, it 

uniyerſally 


5 
Univerſally occaſions a precipitation in lime watef. 
We have therefore reaſon to believe, that there is 
no inſtance of a phlogiſtic proceſs in nature, 
which is not accompanied with the e of 
fixed air. 


It may be foppoſed; indeed, that this air is 


' Giltharged from the ſubſtance which furniſhes 


the phlogiſton. Ari i 281 Stag 

In ſome caſes, a parc uf the fixed air may pro- 
wa from this ſource, as in various inſtances of 
combuſtion and putrefaction. But there are 
other caſes, in which we- are certain, that the 


fixed air is derived from a change produced in | 


the atmoſpherical air. 


Thus, air diminiſhed by the burning of alco- 
hol and ſulphur, occaſions a precipitation in 
lime water. The ſame effect is produced, when 
atmoſpherical air is diminiſhed by nitrous air, 
and when it is exploded with inflammable air; 


and yet it is not found that brimſlone, alcohol, 


nitrous or inflammable air, contain fixed air. 
But Dr. Prieſtly has given us t he moſt deciſive 


proof of this fact, in the following experiment. 
Having cauſed the electric ſpark to paſs through 


a glaſs tube, the lower part of which contained 
ſome water tinged with turnſol, he obſerved, 
that the blue colour of the liquor was, in a few 
minutes, changed to red, and that the included 
air was diminiſhed in its bulk, and rendered 


highly noxious, He likewiſe obſerved, that 


F when 


— — — 
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when the ſpark was taken in air over wn water, 
the lime was precipitated.“ 

Since, therefore, a quantity of as air, is, in 
theſe proceſſes, produced by a change in the atmo- 
ſpherical air, we may conclude by induction, 
that the fame effect is produced in * other 
Phlogiſtic proceſs. 

Thus it appears, that in reſpiration, amoſphe- 
rical air is converted into fixed and phlogiſti- 
cated air. It is therefore neceſſary, in order to 
determine the truth of the propoſition, that we 
ſhould campare the abſolute heat of fixed and 

phlogiſticated air, with that of atmoſpherical air. 


The following experiments were made to de- 


termine the heat of theſe different ſpecies of ait. 


"EAPEKTNENT . 


Air in the room — 32. 
A bladder containing a pint of atmoſpherica- 

wir at 102, was immerſed in a pint of water at 52, 
The heat of the water at the end of 


ſurface bottom 
1 minute was 53. . 
4 n 
+. 531 53 
. 1 


In the above experiment, the air and the wa- 
ter do not ſeem to have been e to the 
| ſame 


501 See Dr. Prieſtly's ä and obſervations upon air, 
ol. 1, 


\ 


1350 
ſame temperature, till the end of 4 minutes. 
That this was really the caſe, is proved by * 


benz experiment. 
EXPERIMENT II. 


Air in the room 64. A pint of water was taken, 
the temperature of which, was 6g at the furface, 
and 62 at the bottom, A pint of atmoſpherical 
air confined in a bladder, was raiſed to 163. The 
bladder containing the air being immerſed in 
the water, the heat was determined by two ther- 
mometers, one of which was placed near the ſur- 
face of the water, in contact with the bladder 
and the other near the bottom. 

At the end of 1 minute the thermometer at the 
ſurface was 673, thermometer at the bottom 624 
2 minutes 65 F 63 

I 
it.. OR 00” 
* 047 2 7 ry 12 637 

In this experiment, which was made with the 
ſame bladder that was uſed in the former, the heat 
of the air in the bladder near the ſurface, exceeded 
the heat of the water for ſeveral minutes. And 
hence we may perceive the reaſon, why, in the 
firſt expriment, the temperature of the water roſe 
gradually at the ſurface and the bottom, till the 
end of 4 minutes; for during that time, it con- 
tinued to receive heat from the air which had 
been immerſed in it. 8 
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In that experiment, the heat communicated to 
the water by the air, and the bladder which con- 
tained it, was 14. Of this quantity of heat, the 
portion which was yielded by the bladder, will be 
ſeen by the experiment which follows: 


EXPERIMENT III. 


A pint of water was taken at 52, The blad- 
der haying been dried and freed from air, was 
raiſed to 102, and being immerſed in the water, 
the heat of the water at the end of 


ſurface | bottom 
1 minute was 52+ ET 
3 525 524 


We muſt allow, therefore, one quarter of a de- 


gree, in the experiment in queſtion, for the heat 
imparted by the bladder. And hence it follows, 
that one degree was communicated by i þ | 
To diſcover, from the above expetiment, the 
abſolute neat of atmoſpherical air compared with 
that of water, we may conſider what would have 
been the effect produced, if at oſpherical air con- 
tained the ſame abſolute heat with water, In that 
caſe, if the air were only the one hundredth. part as 
denſe as water, and were raiſed 100 degrees above 
the temperature of the water, it would communi- 
cate to it nearly one degree of heat, If it were 
only the one eighth hundredth part as denſe, and 
vere raiſed 100 degrees above the heat of the 


water, it would communicate to it nearly the one 
: eighth 


AD ˙ » w 


a © 
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eighth part of a degree. If it were raiſed only 


50 degrees above the heat of the water, it would 
communicate-the one ſixteenth part of a degree. 

Now, the denſity of atmoſpherical air is to | 
that of water, .in a proportion ſomewhat leſs 
than that of 1 to 800. If, therefore, in the ex- 
periment in queſtion, the atmoſpherical air had 
contained the ſame abſolute heat with water, it 
would have communicated to the water, nearly 


the one ſixteenth part of a degree of heat. But 


it communicated to it one entire degree of heat. 
Atmoſpherical air muſt therefore contain at leaſt 
16 times as much abſolute heat as water. 

Dr. Irvine has pointed out a general rule, by 
which the comparative quantities of abſolute heat 
in bodies may be eſtimated, when the quantities of 
matter, and the changes produced in the ſenſible 
heats, are unequal. In that caſe, the quantities 
of abſolute heat, are reciptocally as the changes 


in the ſenſible heats, multiplied into the quanti- 


ties of matter. 

By the help of this rule, the ratio of the heat of 
atmoſpherical air to that of water, may be more 
accurately calculated in the following manner. 

It is evident, that, as equal bulks of air and 
water were taken, if the denſities of the water 


and air had been equal, the abſolute heat of the 


air would have been to that of the water, as 1 to 
49, which is the reciprocal proportion of the 
changes prodyced in the ſenſible heats, 
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Again, if the changes produced in the ſenſible 
heats had been equal, the abſolute heats would 
have been reciprocally as the quantities of matter, 
It follows, that neither being equal, the abſolute 
heats are in the compound ratio, of the ſenſible 
heat gained by the water, to that ſeparated from 
the air, and of the quantity of water to that of 
the air, £2 

The experiment was made in a quart pewter 
veſſel, the capacity of which for receiving heat 
was to that of the water very nearly as 1 to 16, 
The quantity of water was 16 ounces; and there- 
fore, the heat received by the veſſel was equal to 
that which would have been received by the one 
ſixteenth part of 16 ounces, or by one ounce of 
water. The water and veſlel together were con- 
ſequently equal to 17 ounces of water; and 
the ſpecific gravity of air being to that of 
water in the exact proportion of 1 to 8632; it 
follows that the quantity of matter contained in 
17 ounces of water is to that contained in a pint 
of air, nearly as 915 to 1, Hence the abſolute 
heat of air js to that of water in the compound 
ratio of 915 to I, and 

of 1 to 49 
From which it appears that the quantity of 
heat contained in the former of theſe elements, 
is to that contained in the latter, as 915 to 49, 
or nearly, as 18.6 to 1. 85 
In calculating this experiment, no allowance was 


made 


( 39 ) 
made for the heat carried off by the external 
air; for as the temperature of the water, after 
the air was immerſed in it, exceeded that of the 
atmoſphere, only 1x, the portion of heat which 
was thus carried off was ſo very ſmall, un it 
may be neglected. 

I muſt farther abſerve, that, from the imper- 
fection of thermometers, and from the difficulty 
of judging by the eye of one fourth or one third 
of a degree, perfect accuracy in experiments of 
this kind is not to be expected. 

The experiment, however, for determining the 

heat of atmoſpherical air, has been frequently 
repeated - every repetition has tended to confirm 
the general concluſion, and from the reſult of a va- 
riety of trials, I have the greateſt reaſon to believe 
that the ratio of the heat of atmoſpherical air to 
that of water, as deduced from the above expe- 
riment, does not exceed the truth, 
I propoſe, in future, to endeavour to aſcertain, 
with as much accuracy as poſſible, the heat of the 
different ſpecies's of air, by a greater variety of 
trials, and by thermometers conſtructed for the 
purpoſe. 


I next proceeded to determine the heat of fixed 
and phlogiſticated air. 


EXPERIMENT IV. 


Air in the room 32. A pint of fixed air, ex- 
tricated from chalk by the vitriolic acid, was 


con- 
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Confined in a bladder, and raiſed to 104. A 
pint of water was taken at 54. The bladder 
containing the air being immerſed in the water; 
the temperature of the water at the end of 


| furface bottom 
1 minute was 54 — 54 
2 | 544 nearly, 547 nearly 
3 $6: — 54 ; 


The bladder in which this air was contained 
being freed from air, and raiſed 50 degrees above 
the temperature of a pint of water, communicat- 
ed to the water, one fourth of a degree. 


This experiment, was frequently repeated with 
the ſame reſult. 


EXPERIMENT V. | 

Air in the room 67. A pint of air, elevated 
from roſin by heat, was confined in a bladder, 
and was raiſcd to 104. | 
A pint of water was taken at "3 The blad- 
der containing the air, being immerſed in the 


water, the temperature, at the end of 
ſurface bottom 


1 minute -Was - 64z 64 
2 En 643 64 
3 1 9 64x 64 
4 - - 644 644 


The bladder in which the air was contained, 
being freed from air, communicated to a pint of 
water, in the ſame circumſtances, half a degtee 
of heat. 

To 
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To obtain this air, a ſmall quantity of roſiri 
was put into a gun barrel, the end of which was 
heated red hot. When the roſin was violently 
inflamed, freſh air was blown into the touch 


hole, and the fumes immediately beginning to 


iſſue copiouſly, a flaccid bladder was fixed 
upon the end of the barre], 


The air which was thus obtained, was partly 
inflammable; when it was forced upon a candle, 


it burned with a pale bluiſh flame. It con- 


ſiſted chiefly of fixed and phlogiſticated air. 


EXPERIMENT VI. 


A pint of air elevated from tallow, as in the 


former experiment, and confined in a bladder, 


was railed to 11 3. 


A pint of water was taken at 63. The 
bladder containing the air being immeried in the 
water, the temperature, at the end of 

| ſurface bottom 
1 minute was 633 - 63 
Om. > = 
FF 
4' —— 863 0 

The bladder being then freed from air, and 


immerſed in a pint of water, in the ſame cit- 


cumſtances, raiſed the water half a degree. 
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This air was alſo partly inflammable, but 
conſiſted chiefly of fixed and phlogiſticated air. 

From theſe experiments it appears, that the 
quantity of ſenſible heat communicated. by fixed 
and phlogiſticated air, to an equal bulk of wa- 
ter, (the difference of temperature being 50) 
is ſo ſmall, that it cannot be meafured by the 
thermometer. But we have ſeen, that, in the 
ſame circumſtances, a pint of RW cj air 
communicates one degree of heat to a pint of 
water. From hence we may conclude, with 
certainty, that the abſolute heat of atmoſphe- 
rical air is greater than that of fixed or phlo- | 
giſticated air. | 

The ſpecific gravity of fixed air was found by 
the honourable Mr, Cavendiſh, to be to that of 
water, as 1 to 511, If, therefore, it had contains 
ed the ſame abſolute heat with water, it would 
have communicated to the water nearly the 
eleventh part of a degree. If it kad contained leſs 
abſolute heat than water, it would have commu- 
nicated leſs than the eleventh part of a degree. 
But ſuch minute variations of heat cannot be 
diſtinguiſhed by the thermometer ; and, therefore, 
from this experiment, we can draw rio precile 
concluſion, with regard to the comparative heat 
of water and fixed air. 

It is well known, that a great quantity of 
fixeq air is contained in the crude calcarious 
earth, Chalk and limeſtone contain more than 

a third 


4) 


a third of their weight of this * of air. It 
has been proved by Dr. Black, that, when 
theſe ſubſtances are deprived, of the fixed 
air, with which they are combined in their 
natural ſtate, they are converted into quick- 
lime; and as no ſenſible heat or cold is pro- 
duced, by the ſeparation of fixed from the 
calcarious earth (as I ſhall afterwards endeavour 
to ſhow), it is poſſible, by comparing the 
heat of the crude calcarious earth with that of 
quicklime, to aſcertain, with accuracy, the ab- 
ſolute heat of fixed air. 8 

The following experiments were made to de- 
termine the heat of chalk and quicklime. 


EXPERIMENT VII. 


A pound of chalk at — 88, 
was mixed with a pound of water at 138; 
The temperature of the mixture at the end 

of 1 minute was — 135, 
ws — 134. 
Adding one degree for the heat carried off 
by the air in the firſt minute, we have 136 for 
the temperature of the mixture. 

The chalk was raiſed from 58 to 136. or 
78 degrees. f 
The water was cooled by the chalk and the 
veſſel together 22 degrees, It was cooled nearly 

2 degrees 
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( 44 ) 
2 degrees by the veſſel—ir was, therefore, cooled 
20 degrees by the chalk. And hence the heat 
of water is to that of chalk, as 78 to 20, or as 
3.9 to 1. . 
It is to be obſerved, that no ſenſible heat was 
produced by mixing equal parts of chalk and 


water together, when they were both at 57, which 


was the temperature of the air in the room. 

The abſolute heat of quicklime cannot be 
aſcertained with accuracy, by making water the 
ſtandard, as theſe ſubſtances, when mixed ta- 
gether, produce much ſenſible heat. 

For this reaſon, I endeavoured to determine 
the abſolute heat of quicklime, by mixing to- 
gether equal quantities of chalk and quicklime 


at different temperatures, But, to determine, 


whether the experiment could be made with ac- 
curacy in this way, I firſt made the following 
experiment on chalk, | 


EXPERIMENT VIII. 


Air —— 64. 
Half a pound of powdered chalk at 64 
was mixed with an equal weight powdered 


chalk at 1643 
The mixture at the end of 

1 minute was — 116 

2 ow _— 114 

3 — — 112 


4 minutes 


? 
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2 
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4 minutes was — 1114 
5 — — - 7 111 
6 — — 110 
TD , — — a 110+ 
8 — _ 110 


The veſſel in which this experiment was made, 
was heated to 114, previous to the mixture, 
Hence it appears, that equal quantities of chalk, 
at different temperatures, being mixed together 
the temperature of the mixture, at the end of two 
minutes, was half the exceſs of the hotter above 
the colder, 

From a variety of trials, I have found that 
chalk heats and cools very ſlowly. And this 
ſeems to have been the reaſon; why the hot and 
cold chalk were not brought to a common tem- 


perature, till the end of the ſecond minute. 


EXPERIMENT IX, 


A pound of quicklime at - 6r 


was mixed with a pound of chalk at 161, 
The mixture at the end of 


I minute was - 110 
5 — £ 110 
6 5 
* — INS 
3 - . 1114 
8 5 2 112 
in 9 1 5 1111 


10 minutes 
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0 minutes was 111 
14 : ÞF._ «3M 
i et 8 
1 The veſſel was heated to 111, previous to the 
if mixture, 


In this agceliy 00 find, that when the 
chalk and quicklime were mixed together, the 
thermometer at firſt fell to 110; afterwards it 
gradually roſe to 112, which it never exceeded; 
the mixture then cooled at the rate of half a de. 
gree in a minute. 

If, therefore, we take 112 for the tempera- 
ture of the mixture, we ſhall probably be very near 
the truth. At leaſt we ſhall not make the heat 
of quicklime greater than it really is. For tho! 
ſome ſenſible heat ſeems to have been produced 

by che mixture, yet the whole effect which the 
Production of ſenſible heat can have in this cal- 

culation, is to diminiſh the heat of quickline, 

mp—— with that of chalk, | 

Taking 112 for the common temperature, we 
| have 49 for the heat ſeparated from the chalk, and 

51 for that gained by the quicklime. And hence 
the abſolute heat of chalk is to that of quick- 
lime as 51 to 49. 

That cold is not produced by the ſeparation of 
fixed air from the calcarious earth, I endeavour- 
ed to ſatisfy myſelf in the following manner. 

If cold were produced by the ſeparation of 
theſe ſubſtances, heat would be produked by their 

union, 
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union. This concluſion, is not conjectutal. It ia 
founded upon an induction of facts. It is an infe- 


rence drawn from what in ſimilar cafes actually 


takes place in nature. Thus cold is produced, 
by the evaporation of water, and heat by the con- 


denſation of vapour. Like effects have been ob- 
ferved by the ingenious Dr. Black, in a very 
great variety of natural phenomena. And as no 
inſtance can be ſhown to the contrary, we may 
fafely conclude, in genera}, that when a body 
produces cold in conſequence of a change of form, 
it will produce heat when it returns to its former 
ſtate. 


To difcover whether ſenſible heat is produced 


by the union of quicklime with fixed air, 


I expoſed an ounce and a half of quicklime at 
66, to the vapour ariſing from a mixture of chalk: 
and the vitriolic acid. In a few minutes, the 
thermometer in the mixture roſe to 88 ; the heat 
of the vapour was 82; and the thermometer in 
the quicklime ſtood at 78. 

It ſenſible heat had been produced, in this 
experiment, by the union of the quicklime with 
the fixed air, the heat of the quicklime would 
have been greater than that of the vapour. 

E have alſo found, that no ſenſible heat is pro- 


duced, when quicklime is precipitated from lime 


water, by fixed air. 

We may therefore conclude, with great pro- 

bability, that ſenſible heat is not produced by the 
union 


RY 
union of fixed air with the calcarious earth, At 
leaſt it is certain, from theſe experiments, and 
from a variety of phenomena, that if hear is at all 
produced by the combination of theſe ſubſtances, 
the quantity is ſo very inconſiderable, that it can- 
not affect the concluſions, which are contained ® 
the following pages. 

As heat therefore, is not produced by the uni- 
on of | theſe ſubſtances, we may conclude that 
cold is not produced by their ſeparation, and 
conſequently during this procefs, they will not 
abſorb heat from the ſurrounding bodies. Hence 
it may be inferred, that the quantity of heat con- 
tained in the earth and air when ſeparated, is not 
greater than the heat which they contained _ 
vious to their ſeparation, 


The following is a brief illuſtration of the 
truth of this cooclifiee. 


It is found by experiment, that the ſame Ei | 
which raiſes the regulus of antimony one degree, 
will raiſe the calx of antimony only the one 
third of a degree, | 

If, therefore, we ſuppoie that the regulus, 
when at the common temperature of the 
atmoſphere, contains 200 degrees of heat, 
and if we conceive it to be ſuddenly cal- 
cined, the heat contained in the regulus, will 
raiſe the calx, only the one third of 200 
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degrees, c or 66 degrees Mr 1 the latter will there: 
fore during the calcination abſorb 133 degrees and 
of heat. And hence the calx is found to contain 
three times as much abſolute heat as the regulus. 
In like manner, if the fixed air and calcarious 
earth when diſunited, contained a greater quantity 
of abſolute heat than when combined, the' ſepa- 
ration of theſe ſubſtances would neceſſarily. be at- 
tended with the abſorption of heat. But we 
have proyed that no heat is abſorbed during their 
ſeparation. We may therefore conclude, that, 
when, a given quantity of chalk, is reſolved into 
its principles, by converting it into quicklime 
and fixed air, the abſolute heat of the quick- 


lime and fixed air taken together, is not greater 


than the heat which was originally contained in 
the chalk.“ 

From theſe data, the abſolute hear of fixed air 
compared with that of chalk, may be calculated 
in the following manner. 

It has been proved that the abſolute beat of 
chalk is to that of quicklime, as 51 to 49, or 
nearly as 25 is to 24. We ſhall ſuppoſe that 
chalk contains one third of its weight of fixed 
Air; and that the abſolute heat, contained in the 

H quick- 


® This concluſion is farther confirmed by the ingenious Dr. 
Irvine's diſcoveries with. regard to the cauſe of the phenomena of 


latent heat. As theſe diſcoveries, however, have not been com- 


municated to the world, I have not taken the liberty to point out 


meir connection with this part of my ſubject. 


Xx: 50 


quicklime and fixed air which are produced by 
the calcination of a given quantity of chalk, is 
equal to that which was contained in the chalk, 
previous to its calcination, If we conceive the 
whole heat in the chalk divided into 25 equal 
parts, the heat contained in the quicklime, after 
the ſeparation of the fixed air, will be to the origi- 
nal heat of the chalk, as 16 to 25. For if the 
quicklime were equal in quantity to the chalk, its 
heat would be to that of the chalk as 24 to 25. 
But as it is only equal to two thirds of the chalk, 
it will be as 16 to 25. And fince the heat of the 
quicklime and fixed air taken together, is equal 
to the original heat of the chalk, the heat of the 
fixedair will be equal tothe difference between the 
heat of the (chalk and quicklime, or it will be 
repreſented by the difference between 16 and 25. 
That is, the heat contained in the fixed air, after 
the ſeparation, will be to the original heat of the 
chalk, as g to 23, the quantity of matter in the 
fixed air being one third of that in the chalk. 
And therefore taking equal quantities of chalk 
and fixed air, the heat of the fixed air will be to 
that of the chalk, as 9 multiplied by , or as 
27 to 23, or as I, to one. 

It has been already ſhown that the hens of chalk 
is to that of water, as 20 to 78, or as one to 
3.9. But the heat of fixed air is to that of chalk 
as 1, to one; therefore the heat. of fixed 
air is to that of water, nearly as 1 to 3.6. 


* 


1 
From theſe principles, we may determine the 
eomparative heat of fixed and atmoſpherical alr, 
The abſolute heat of atmoſpherical air is to that 
of water, as 18.6 to 1. The abſolute heat of 
water is to that of fixed air as 3.6 to 1. The 
heat of atmoſpherical air is therefore to that of 


fixed air, as 18.6 multiplied by 3.6 to "4 or 
very nearly as 67 to 1, 


EXPERIMENT X. 


Air in the room 52. 
Fifteen ounces of water were taken at 51, 

A quantity of dephlogiſticated air, equal in 
bulk to 10 ounces of water, was raiſed 
ro — 1013 

The bladder containing the air being immerſ- 
ed in the water, and the ball of the thermometer 
being kept in contact with the bladder for the 
firſt two minutes, the temperature at the end of 

1 minute was 57, 


55. 
The thermometer being being then removed 
from the bladder, the water at the end of 


3 minutes was 54, 
. 


6 * 
And this was found to be the heat of the wa- 
fer, at the centre, as well as at the ſurface, 


Thg 


(a). 
The bladder in which this air was con- 
tained, communicated to the water, in the ſame 
circumſtances, the one fourth of a degree, as 
nearly as could be judged by the eye. : 

Fifteen ounces of water, being heated in the 
ſame veſſel 2 degrees above the temperature of the 
atmoſphere, cooled, in 20 minutes, 1 degree, or 
1 fourth of a degree in 5 minutes. If, therefore, 
we allow the heat imparted by the bladder, for that 
which was carried off by the atmoſphere in the 
firſt 5 minutes, we have 3 degrees for the heat 
communicated to the water by the W 
ted air. 

The ſpecific gravity of dephlogiſticated air, 
was found, by Dr. Prieſtly, to be to that of at- 
moſpherical air as 187 to 185. Its ſpecific gravi- 
ty is conſequently to that of water, nearly as 1 to 
852. But the bulk of the water, in the above expe- 
riment, was one third greater than that of the air. 
Since, therefore, if equal bulks had been taken, 
the water would have been to the air as 852 to 1; 
it follows, that as the water was one third greater 
in bulk than the air, the quantities of matter were 
as 1278 to 1. The heat received by the veſſel was 
to equal that which would have been received by 
one ounce of water. The water and vcſſel together 
were therefore equal to 16 ounces of water; and 
the quantity of matter in 16 ounces ot water being 

to chat contained in 10 ounce meaſures of dephlo- 


giſticated 


( 3 * 


giſticated, air as 1363 to 1, it follows, that the abſo⸗ 
lute heat of diphlagiſticated air is to that of 
water in the compound ratio of 1 36 1 to 1, and of 
3.10 47, or as 87 to.. 

| To obainthis air, a quantity of red, 8 Way 
moiſtened with yellow ſpirit of nitre, and the 


ſalt being dried and put into a glaſs veſſel, the air 
was ſeparated by an intenſe heat, and caught i in 
bladders. It appeared to be of a very pure kind, 
as a candle burned in it with a crackling noiie, and 
with a bright and vivid flame. 

F rom this experiment, compared, with experi- 
ment the i ſt, it appears, that the abſolute heat of 


depblogiſticated air, is to tnat of atmoſpherical 


air, as 87 to 18.6 or nearly as 4:6-to 1. And Dr. 
Prieſtly, whoſe diſcoveries on this ſubject are de- 
ſervedly much admired, has proved that its power 
in ſupporting animal lite, is 3 times as great as 
that of atmoſpherical air, | 
We have, therefore, upon the whole, ſufficient 
evidence for concluding, that atmoſpherical air 
contains a greater quantity of abſolute heat, than 
the air which is expired from the lungs of animals; 
and that the quantity of abſolute heat contained 
in any kind of air that is fit for reſpiration, is ve- 
ry nearly i in proportion to its purity, or to its pow. 
er in ſupporting animal life. 
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{ 54) 
' PROPOSITION u. 


THE blood which paſſes from the lungs to 
the heart, by the pulmonary vein, contains 
more abſolute heat, than that which paſſes from 
the heart to the lungs, by the pulmonary ar- 
terry. | 
As the former is the blood which is returned 


by the veins in the aortic ſyſtem, and the latter 


is that, which, in the fame ſyſtem, is propelled 
into the arteries, I ſhall call the firſt venous, 
and the laſt arterial blood. ; 
The following experiments were made to de- 
termine the heat of yenous and arterial blood, 


EXPERIMENT L 


Air in the room - - 68, 
Half a pound of water, averdupoiſe weight, 
8 0 53» 
was mixed with half a pound and 400 grains 
of arterial blood at - 102. 
The mixture at the end of 
1 minute was 78, 


8 * 774 nearly, 

2 77% when it coagulated, 

5 » 77k | 
— EXPERI; 


4 ON 5 1 


"EXPERIMENT. tt 


Half a bn of water averdupoiſe weight) 


ci at, +. 1, 5:5; oh 
was mixed * nine ounces and a half, - 
| and 14 grains of venous _— at 994 
27s The mixture at the end of 
1 minute was 76, 
231 — 76 when it ease 
i307 bo 4 * 2.5 11 
l £50 3: .j* 75. 1 7 
In making theſe experiments, it was neceſſary 


to uſe as much expedition as poſſible, that the 


heat of the mixture might be determined pre- 
vious. to the coagulation ;. and, therefore, the 
water was firſt accurately weighed. —Half a pint 

of blood was taken from the carotid artery of a 


theep, for the firſt experiment, and from the 


jugular vein for the ſecond: the heat of the 
mixture was then aſcertained: by the thermome- 


ter, and the weight of the blood was determined 


at the concluſion of the experiment. 

We learn from theſe experiments, that the 
ſpecific gravity of venous blood is greater than 
that of the arterial, For the meaſures were 
nearly equal, and the weight of the former was 


found conſiderably to exceed that of the latter. 


The arterial blood appeared alſo to be much 


more fluid than the venous; and we have ſeen, 


that 


(49) 
that when they were mixed with equal quantities 
of water, the venous - blood was; ſomewhat later 
in coagulating, than the arterial, 

To determine the heat of arterial blood, from 
che former of the above experiments, we may ob- 
ſerve, that as, in this experiment, the blood 
was poured upon the water, a ſmall portion of heat 
was loſt in its paſſage through the air. I have 
found by a ſubſequent trial, that the quantity 
of heat which was thus Joſt, was very nearly 
one degree. If this heat had been added to the 
mixture, it would have raiſed it nearly half a 
degree; and as the mixture, previous to its co- 
agulation, cooled at the rate of one-fourth of 2 
degree in a minute, we may add, at leaſt, 
half a degree for the heat loſt in the firſt minute; 
which n 764 for-the I or the mix- 
ture. 

This exproiment's was made in a pint pewter 
veſſel, the capacity of which, for receiving heat, 
was to that of the water, nearly as 16 to 1. The 
quantity of water was eight ounces; the heat 
received by the veſſel, was. conſequently equal 
to that which would have been received by the 
one-fixteenth part of eight ounces, or by half 
an ounce of water. It follows, that the effect 
of the veſſel and the water together, was equal 
to that which would have been produced by 
eight ounces and a half of water. 

| Jhe 


„ 

© The temperatore of the mixture; S. 781: 
ſubtractiag this from 102, we have 231 for the 
heat pararel from the blood. Fhe water and 
the veſſel were raiſed from 53 to 781, or 255. 
The quantity of blood was eight ounces and 400 
grains averdupoiſe, or 3899 grains. The water 
and the veſſel together were equal to eight ounces 
and a half of water, or to 3717 grains. And, 
therefore, the heat of arterial blood is to that of 
water, in the compound ratio of eight ounces 
and a half to eight ounces and 400 grains, and 
of twenty-five and a half to twenty three and a 
half, or as 10g to 100.3 conſequently. the heat 
of water is to that of arterial blood, as 100 to 
10g, or nearly as 97.08 to 100. 

In the ſecond experiment, adding half a der 
gree for the heat loſt in the firſt minute, we 
have 761 for the temperature of the mixture. 

The blood was cooled from 994 to 76, or 
nearly 22.83, The water and veſſel were raiſed 
from 533 to 764, or 23 Cegrees, The quantity of 
venous blood was 9% ounces and 14 grains averdu- 
poiſe, or 4168 grains, The water and veſſel were 
together equal to 83 ounces of water, I herefore 
the heat of yei.ous blood is to that of water, 
in the con pound r-tio of 84 ounces to. 98 
ounces and 14 grains, and of 22.83 to 23, or 


as 100 to 112. 
1 Putting 


* 95 . 

Putting A for arterial blood, V for venous, 
and W for water, the ratio of the heat of ve- 
nous to that of arterial blood, is determined 1 in 
the following manner: V. W. A. 

| 97.08 100 112. 
Therefore V: A:: 97.08: 112, or nearly as 10 to 
114. Thus it appears, that the blood which 
paſſes from the heart to the lungs, by the pul- 
monary artery, contains leſs abſolute heat than 


that which paſſes from the lungs to the heart by 
the pulmonary vein. 


PROPOSITION Ill 


THE capacities of bodies for containing 
heat, are diminiſhed by the addition of phlo- 
giſton, and increaſed by the E of this 
principle. 

As bodies when inflamed, appear to emit 
light, and give out heat, from an internal ſource, 
and as thoſe bodies only are combuſtible, which 
contain the phlogiſton in a conſiderable quantity, 
it has been an opinion generally received among 
philoſophers, that this principle is either fire 
itſelf, or intimately connected with the production 
of fire, If this were true, bodies, when united 
with phlogifton, would contain a greater quan- 
of fire, or of abſolute heat, chan when ſeparated 

from 


| { 39 ) ; 

from it: metals would contain more abſolute heat 
than their calces; and ſulphur more than the 
vitriolic acid. But that the contrary is the fact, 
as ſtated in the above propoſition, appears from 
the following experiments. 


EXPERIMENT I. 


Air in the room — 64. 
HFlalf a pound of water at - 62, 
was mixed with half a pound of tin at 1623 

The mixture at the end of 


ſurface dottom 
1 minute was 68 — 68, 


2 - 68 - 


EXPERIMENT IL. 


Half a pound of water at = 62, 
was mixed with half a pound of the grey 
calx of tin at | 362 ; 
The mixture at the end of | 


ſurface bottom , medium 
a minute was 68 72 = 70, 
2 - 683 - 50 698, 
3 - 68x - 694 = 69, 
' WM - 69 69 69. 
Thbeſe experiments were made in à pewter 


veſſel, the capacity of which, for n heat, 
was Gefermined thus ; 


Half 


22 
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Half n pound of water at 12850, 
was poured into the veſſcl at 5503 
The temperature of the water at the end of 
„ neee 40, 
2 . | „ 24% 
3 - 14% 

Adding four degree for the heat carried off 
by the air in the firft minute, we have 154 for 
| the common temperature of the water and the 
veſſcl, The abſolute heat of the veſſ:1. therefore, 
is to that of the water, as 6 to 94, Or as 1 to 155. 
That is, the heat contained in the veſſel. was 
equal to the heat c. ntained in the r part of 
eight ounces of water. Or nearly equal io the 
heat contained n half an ou cc of water 

In the firſt experiment, the tin was . 94 
degrees, and the water heated 6. Since, there- 
fore, the · tin heated eight oui ces of Water, and 
the veſſe] which was equal to halt an ounce of 
Water, ſix degrees, it tollows, that it would 
have heated eight ounces and a half of water fix 
degrecs. And hence the abſolute heat of tin is 
to that of water, in the compound ratio of -6 to 
94. and of 875 to 8, or as i to 14.7. 

In tnis calchlation, no allowance has been 

made for the heat which was loſt in the firſt mi- 
nute. For, though a pottion of heat muſt have 
been ſeparated from the tin by the air, When 
it was\mixed with the water, yet the quantity 
was ſo very ſmall, that i may be neglected. 

1f 


661 ) 

If one degree of heat were thus ſeparated, it 
would not have raiſed the mixture more than 
one-tourtcenth . part of a, degree, And it 
appears, that, after the tin and water were 
brought to a common temperature, the mixture 
cooled ſo very ſlowly,” that the heat, which, was 
loſt, could not be neaſured vy the thermometer. 
If, however, we were to add on- fourth af a de- 
gree for the heat imp ar: ed to the air in the: firſt 
minute, the abforute- heat of tin would be to 
that of water, ncarly as 11to 4.1. | 

In the ſecond experiment, the mean tempera- 
ture of then .14xr- ve, at the end of one mmute, was 
70 I: cogredineally at the rate of one-fourth 
of a degree in a minute. Adding therefore one- 
fourth ot à degree for the heat loft in the firſt 
min te, we hive.$4 or the heat communicated 
to the vater and the veſſel, and 944 for that 
ſeparated frum the calx. But the quantity of 
the calx was'cight ounces. The water and the 
veſſel were together equal to eight ounces and a 
half of water; and, therefore, the heat of the 
calx, is to that of water, in the compound ra- 
tio of 8. 25 to 91.75, and ot 8.5 to 8, or as 6 
to 10.4. Hence the abſolute heat of 'the:calx 
of tin is to that of tin, as 14:7 to 10.4, 


ERK PERI 


( 62 ) 
EXPERIMENT m. 


A quarter of a pound of water at 58, 
was mixed with a quarter of a pound of calx 
of iron at 1255; 


The mixture at the end of 
; ſurface bottom medium 
1 minute was 785 77 - 76, 


= 5 72 76 74. 


3 „ N » Fo 
4 — Fri = y2t ' 7, 
g ren n 


During five minutes, the mixture cooled near. 
t at the rate of a degree in a minute. 
Adding one degree for the heat loſt in the firſt 
minute, we have 57 for the mean temperature 
of the mixture, The water, therefore, was 
heated 22 degrees, and the calx cooled 78. 
The quantity of the calx was four ounces. 
The water and the veſſel together were equal to 
four ounces and a half of water. And, hence, 
the heat of the calx is to that of water, in 
the compound ratio of 22 to 78, and of 4-5 to 
43 or, nearly as 1 to 3.1, 

The heat of 1 iron was "ALY by Dr, Black 
and Dr. Irvine, to be tq that of water, as one tg 
eight, I have ſince repeated this experiment 
with nearly the ſame reſult, * N | 
It 

TI muſt farther obſerve, that, before I made the experiments 
which are recited in this ſection, the heat of lead and tin, in their 


metallic ſtate, had alſo been K by the above mentioned 
philoſophers, | 


663) 
It appears, therefore, that the abſolute heat of 
the calx of iron is to that of the metal, as 8 to 
3.1. | 


EXPERIMENT IV. 


Air in the room - Gr, 
Half a pound of water 5 58, 

was mixed with half a pound of lead 158, 
The mixture at the end of 


, ſurface bottom 
1 minute was 622 625, 
2 621 624. 


EXPERIMENT V. 


Air inthe room . | 61. 
One half pound of water 60, 
was mixed with half a poundof red lead 1603 


The mixture at the end of 


ſurface bottom medium 
1 minute was 64x - 67 - 652, 
2 - 64% - 662 3 652. 


3 — 65 «- 1; . 
4 bs 65 +» 654k 657 

5 wn 647 - Gaz - Oar 
The heat received by the veſſel, in the fourth 
experiment, was equal to that which would have 

been received by one half ounce of water. The 
| | quan- 


* 


6640) 
Yuantity of water was eight ounces... The water 
and the veſſel together were equal to eight and a 
half ounces of water: and, therefore, the quan- 
tity of lead being eight ounces, the abſolute heat 
of lead is to that of water, in the compound ra- 
tio of 4:5 to 95-3, and of 8.5 to8, or nearly 
as-1 to 19.9. 
In experiment fifth, the mean temperature of 
the mixture, at the ond of one minute, was 652, 
During five minutes, it cooled nearly at the. 
rate of one fourth of a degree in a minute. Ad- 
ding therefore one fourth of a degree for the 
| heat loſt in the firſt minute, we have 66 for the 
temperature of the mixture. 
The calx was cooled 94; the water and the 
veſſel were heated 6; and hence the abſolute 
beat of the calx is to that of water, in the com- 
pound ratio of 6 to 94, and of 8, 5t to 8, or as 


1 to 14,7, 
It follows, that the abſolute heat * the calx 


is to that of lead, as 19.9, to 14.7. 


EXPERIMENT VI. 


Air in the room „ 38. 


— 


One fourth of a pound of water at 59, was 
mixed with one fourth of a pound of a com- 
pound, conſiſting of equal parts of the calces of 
lead and ting at 159. 


The 


iy). 


The mixture at che end tf 

ſurface bottom medium 
1 minute was 65 v - 3x 
OE SE IS. WEIS I. i © 
1 66 = 65, 
4 - - 66 6565 — 6555, 
1 65 65 - hr, 
8 85 TAR, 65. 


The mean tergperarore of the mixture, at the 
end of one minute, was 67. It cooled two de- 
grees in ſix minutes; adding therefore, one third 
of a degree for the heat loſt. in the firſt minute, 


we have 651, or 67.: 3. nearly for the true tem- 
perature of the mixture. 


The cake was cooled 9 17. The water 7 heated 
8.3. The abſolute heat of the calx-therefore, is 
to that of water, in the compound ratio, of $ 3 

0 91.7, andi of 4,5 to 4, or as 1 to g. 8. 2 
It is to be oblerved that theſe metals calcine 
more perfedlly when mixed, than when ſeparate. 


EXPERIMENT VIL 


Air M0 M21 42490; 4 A 64. 
Half a pound of water alt 6g, 
was mixed with half a: pound of the re- 


gulus of antimony at 1 93 
The mixture at the end of | 9:4! 
1 minute was at the ſurface „ 70. 
2 minutes - « 68 , 
3 - = | = ; 68, 
X E XP Ex 
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EXPERIMENT. VII. 


One fourth of a pound of water at 4 
was mixed with one fourth. of a pound of 


calx of antimony at 3 1 8815 
The mixture at the end of 
8 ſurface bottom medium 


minute vas 7 77 74 

© Y INES 74 „ - TS 
e e 71% 
IS. © > Dy - 2 _ = Iv 

In experiment VII. the mixture cooled at the 
rate of half a degree in a minute. The water 
and veſſel were heated 7. 5. The regulus was 
cooled 92 5. The heat of the regulus, therefore, 
is to that of water in | the compound. ratio, of 7. 
10 92.5, and of 8.3 to 8, or nearly as one to 
11.6. In experiment VIII. the mean tempera- 
ture of the mixture was 44. It cooled in 4 n mi- 
nutes, nearly at the gal. of one degree i in a mĩ- 
nute, Adding, therefore pes degree for the heat 
loſt in the firſt minute, we have 752 for the true 
temperature; conſequentiy the abſolute he: t of 
the calx of-antimony, is to that of water in the 
compound ratio of 171 to 823, and of 0 to 
8, or nearly as 1 to 4. 5, and hence th The ab- 


ſolute heat of the calx of antimony, is to that 


of the” regulus, as 14.6 to £5: By {itnilar 


657 5 


5 ? » * 


experiments, itn may be demonstrated, that = 


vitriolic acid contains more abſolute heat 
than ſulphur. We e may therefore conclude, in 
general, that bodies, when joined to phlogiſton, 
contain leſs abſolute heat than when ſeparated 
from it; and conſequently, chat, in the former 
caſe their capacities for containing heat are 
diminiſhed, and in the latter, increaſed. 


It follows, that if phlogiſton be added to a 


body, a quantity of the abſolute heat of that bo- 
dy will be extricated; and if the phlogiſton be 


ſeparated again, an equal quataity of heat will 


be abſorbed, 


The calx of antimony, for 2 contains 
nearly three times as much abſolute heat as 


the regulus: when, therefore, by the addition. 


of phlogiſton, the calx is revived, it will loſe 
two thirds of its abſolute heat, and, on the 
contrary, when the regulus is by calcination 
deprived of its phlogiſton, the calx will recover 
the heat which it had formerly loſt. 


In this point of view, the ſeparation of heat 


from a body, by means of phlogiſton, 'and the 


* reabſorption of it, when the phlogiſton is again 
diſengaged, ſeems to be analogous to the ſepa- 


ration of air from earths and alkali's, by means 
of an acid, and the reunion of theſe ſubſtances 


with this element, when the acid is ſeparated, If 


the vitriolic acid, for * be added to a 
mild 


. open ee CBS * 
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mild alkali, the fixed air will be extricated, and 
will fly off in the form of an elaſtic vapour ;' if 
phlogiſton be added to a metallic earth, a portion 
of the abſolute heat will be ſeparated; and will 
ſty off in the form of ſenſible heat; when the 
acid is again ſeparated from the alkali; the latter 
recovers the air which it had loſt, and when 
the phlogiſton is agait diſengaged from the 
metallic carth, the earth feabidrVe"the heat which 
| * formerly eſeaped from it. 

Feat, therefore, and phlogiſton, appear to be 
two oppoſme principles in nature. By the action 
ef keat upon bodies, the force of their attraction 
to phlogiſton is diminiſned; and by the action 
of phlogiſton, a part of the abſolute heat, which 
eriſts in all bodies as an elementary principle, ig 


20 5 4 


SECT, 


(@) 


$EGT. Ul. 


F = OM the fats which have been eſtabliſhed 
by che above experiments, the following 
explanation may be given of animal heat, and 
of che heat which is produced by the inflamma- 
| tion: ob combuſtible bodies. 


: I. Of Animal Heat. 

It has been proved that the air, which is expired 
from the lungs of animals, contains leſs abſolute 
heat than that which is inhaled in inſpiration, 
It has been ſhawn, particularly, that, in the 
proceſs of , reſpiration, atanoſpherical. air is con- 
verted into fixed air; and that the abſolute. heat 
of the former js to that of the latter, as 67 to 1. 

Since, therefore, the fixed air which is ex- 
| haled by expiration, is found to contain only the 
one ſixty ſeventh part of the heat which was 
contained in the atmoſpherical air, previous to 
inſpiration, it follows, that the latter muſt neceſ- 
ſarily depoſit a very great proportion of its abſo- 
lute heat in the lungs, It has moreover been ſhown, 
that the abſolute heat, of of florid arterial blood, is ta 
that of venous, as 114 to 10. And hence, as the 
Hlood, which is returned by the pulmonary: vein 
to the heart, has the quantity of its abſolute heat 
increaſed, it is evident that it myſt have acquired 
this heat in its paſſage thro the lungs, We may 


conclude, _ 


1 

conclude, therefore, that, in the proceſs of reſ- 
piration, a quantity of abſoldte Heat, is ſeparated 
from the air and abſorbed by the blood. 

Fhat heat is ſeparated from the air in reſpifa: 
tion, is farther confirmed by Experiment X. 
Prop. I. from which experiment, compared wit 
Dr. Prieſtly's diſcoveries, it is manifeſt, that the 
power of any ſpecies of air in ſupporting: animal 
life, is nearly in proportion to the quantity of 
abſolute heat which it contains, and is conſe- 
ſequently proportionable th the quantity which 
it is capable of de poſiting in the lung. 
The truth of this concluſion, will perhaps 
appear in a cleater light, from the following cal 
culation, by which ve may form ſome idea of the 
quantity of heat yielded by atmoſpherical air, 
when it is converted into fixed air, and alſo 
of that which is abſorbed, during the converſion | 
of venous into arterial blood. 

We have ſeen that the ſame heat, which raiſes 
atmoſpherical air, one degree, will raiſe fixed 
air, nearly 67 degrees. And, conſequently, that 
the ſame heat, which raiſes atmoſpherical ait 
any given number of degrees; will raiſe fixed 
air the ſame number of degrees, multiplied by 
67. In the Peterſburgh experiment, the heat 
was diminiſed 200 degrees below the common 
temperature of the atmofphere. We are, © there- 
fore, certain that 1 air, when at the 


common 
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common temperature of the atmoſphere, conta 
at leaſt 290 degrees of hear, Hence if a certain 
owt of atmoſpherical air, nat in contact with 

any body t that would immediately carry off the 
beat, ſhould ſuddenly be converted into fixed ; 
air, the heat which was contained i in the former, 
would raiſe the latter 200 degrees multiplied by 
67, or 13400 degrees. And the heat of red hot 
iron being 10 O, it follows that the uantity 
of heat, which is yielded by atmoſpherical air, 
when it is converted i into . bed air, is ſuch, (If 
it were not diſſipated) a as would raiſe the air ſo 


changed to more than 12 times the heat of red 
hot iron, 


If, therefore, the. abſolyte, heat which is dig. 
engaged from the air in reſpiration, were not 
abſorbed by the blood , 2 very great degree of 
ſenſible heat would be produced in the lungs, 

Again, it has been proyed, that the ſame beat 
which raiſes venous blood 115 degrees, will raiſe 
arterial only 100 degrees ; and conſequently, 
that che ſame heat, which raiſes venous blood 
any given number of degrees, will raiſe arterial, 
a leſs number, i in the proportion « of 109 to 115» 
gr 2 20 to 2 3. But we know that venous blood con- 
tains at leaſt 230 degrees of hear, Hence if 2 


certain quantity of venous blogd, not in contact 


with any body har v "oh inen ſupply i 


with 


* 


1 
Frith Heat, hold ſuddenly be converted into ar; 
terial, the heat which was contained in the former 
would raife the latter only 22 of 230 degrees, or 
200 degrees; and conſeqently the ſenſible beat 
would ſuffer a diminution, equal to the di erence 
between 230 and 200, or 30 degrees. But the 
commontemperature of blood is 96, when, there · 


fore, venous blood is converted into arterial in the 


lung, if it were not ſupplied by the air, with a 


quantity of heat proportionable to the change 
which it undergoes, its ſenſible heat would be 
diminiſhed 3o degrees, or it would fall from 96 
to 66. | 

That a quantity of heat is detached. from the 
air and communicated to the blood in refpira« 


tion, is moreover ſupported by the experiments 


which have been brought in proof of the third 
Propoſition ; from which it appears, that, when 
bodies are joined to phlogiſton, they loſe a por - 
tion of their abſolute heat, and that when the 
phlogiſton is again diſengaged, they reabſorb an 
equal portion of heat, from the ſurrounding 
bodies. 3 1 

Now it has been demonſtrated, by Dr. Prieſt- 
ly, that, in reſpiration, phlogiſton is ſeparated 
from the blood and combined with the air. 
During this proceſs, therefore, a quantity of ab- 


| folute heat muſt neceſſarily be diſengaged from 


the air, by the action of the phlogiſton ; the 
blood, at the ſame moment, being left at liberty 
WES. 
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to unite with that portion of heat, which the air 
had depoſited. | 

And hence animal heat ſeems to abend upon 
a proceſs, ſimilar to a chemical elective attraction. 
The air is received into the lungs, containing a 
great guantity of abſolute. heat. The blood is re- 
turacd from the extremities, highly impregnated 


with phlogiſton, The attraction of the air to 


the phlogiſton, is greater than that of the blood. 
This priaciple will, therefore, leave the blood 
to combine with the air, By the addition of the 
phlogiſton, the air is obliged to depoſit a part of 
its abſolute heat; and as the capacity of the 
blood is at the ſame moment increaſed by the ſepa - 
ration of che phlogiſton, it will inſtantly unite 
with that portion of heat which had been de- 
tached from the air, 

Me learn from Dr. Prieſtley? s experiments, 
with reſpect to reſpiration, that arterial blood has 
a a ſtrong attraction to phlogiſton : It will conſe- 
quently, during the circulation, imbibe this 
principle from thoſe parts which retain it with 
leaſt force, or from the putreſcent parts of the 
ſyſtem : And hence the venous blood, when it 
returns to the lungs, is found to be highly im- 
pregnated with phlogiſton. By this impregna- 
tion, its capacity for containing heat is diminiſh- - 
ed. In proportion, therefore, as the blood which 
had been dephlogilticated by the proceſs of reſpi- 

Sad 


ration, 
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tation, becomes again combined with phlogiſton, 
in the courſe of the circulation, it will gradually 
give out that heat which it had received in the 
lungs, and diffuſe it over the whole ſyſtem, 


Thus it appears, that, in reſpiration, the 


blood is continually diſcharging phlogiſton and 


abſorbing heat; and that in the courſe of the 


circulation, it is continually n 4 7 


giſton and emitting heat. 


It may be proper to add, that, as hs blood ve 
its impregnation with phlogiſton, has its capaei- 


ty for containing heat diminiſhed ; ſo on the 


contrary, thoſe parts of the item from which 


it receives this principle, will have their capaci- 
ty for containing heat increaſed, and "a conſe- 


quently abſorb heats 
Now if the changes in the capacities, and the 
quantities of matter changed in a given time were 


ſuch, that the whole of the abſolute heat ſepa- þ 


rated from the blood were abſorbed, it is mani- 
feſt that no part of the heat, which is received in 


the lungs, would become ſenſible in _ courſe of 
the circulation, 


That this, however, is not the 1 wilt 
think be evident from the following Fondiders- 4 


tions. 


| We know that ſenſible heat is produced by 


the circulation of the blood; and we have prov- 


ed by experiment, that a quantity of abſolute 


| heat 


165 


heat is comunicated to that fluid in the lungs; 
and is again diſengaged from it, in its my 
thro* the ſyſtem, If, therefore, the whole o 
the abſolute heat, which is ſeparated from the 
blood, were abſorbed by thoſe parts of the ſyſtem 
from which it receives the phlogiſton, it would 
neceſſary to have recourſe to ſome other cauſe, 


to account for the ſenſible heat which is produ- 


ced in the circulation. But by the rules of 
philoſophiſing, we are to admit no more cauſes of 
natural things, than ſuch as are both true, and 
ſufficient to explain the appearances; for nature 
delights in ſimplicity, and affects not the pomp 
of ſuperfluous cauſes.“ 

We may, therefore, ſafely „ that the 
abſolute heat which is ſeparated from the air in 
reſpiration, and abſorbed by the blood, is che 
true cauſe of animal heat. | 

It muſt nevertheleſs be granted, that thoſe parts 
of the ſyſtem which communicate phogiſton to 
the blood, will have their capacity for contain- 
ing heat increaſed; and therefore, that a part of 
the abſolute heat which is ſeparated from the 
blood will be abſorbed. 


But from the the quantity of heat, which bez 


comes ſenſible in the courſe of the circulation, it is 


manifeſt that the portion of heat which is thus 

abſorbed, is very inconſiderable. 
It appears, therefore, that the blood, in its pro- 
gre thro? the ſyſtem, gives out the heat which it 
had 


#* See Newton's Principia b. iii. p. 202. 


. 
had received from the air in the lungs; 1 ſmall 
portion of this heat is abſorbed by thofe particles 
which impartthe phlogiſton to the blood]; the reſt 


| becomes redundant, or is conyerted into moving 


and ſenfible heat. 

I ſhall hereafter ſhow, that the heat which i is 
produced by this procefs, is ſimilar to that which 
is produced by the inflammation ùf combuſtible 
bodies, with this difference, that, in the latter 


inſtance, the fire is ſeparated from the air, in the 
former, from the blood. 


Of the 3 of combuſtible Bodies, 


From the above experiments: we learn, that 
atmoſpherical air, contains much abſolute heat; 


that when it is converted into fixed and phlogiſ- 


ticated air, the greater part of this heat is de- 

tached; and that the capacities of bodies for con- 
taining heat, are diminiſhed by the addition of 
phlogiſton, and increaſed by the ſeparation of it. 
From hence we infer, that the heat which is pro- 
duced by combuſtion, is derived from the air, 
and not from the inflammable body, 

For inflammable bodies abound with rant 
ton, and contain little abſolute heat; atmoſphe- 
rical air, on the contrary abounds with abſolute 
heat, and contains little phlogiſton. In the 
* of inflammation, the phlogiſton is pa. 

| rate 
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rated from the inflammable body, and combined 
with the air; the air is converted imo fired 
and phlogiſticated air, and at the ſame time 
gives off a very great proportion of its abſoluta 
heat, which, when extricated ſuddenly, burſts 
forth into flame, and produces an intenſe degree 
of ſenſible heat. We have found by calculation 
chat the heat which is produced by the conver- 
ſton of atmoſphercial into fixed air, is ſuch, 
if it were not- diſſipated, as would be ſufficient 
to raiſe the air ſo changed, to more than twelve 
times the heat of red hot iron. It appears 
therefore, that in the proceſs of inflamma- 
tion, a very great quantity of heat is derived 
from the air. 

It is manifeſt on the contrary, that no ad the 
hear, can be derived from the combuſtible body. 
For the combuſtible body during the inflam- 
mation, being deprived of its phlogiſton, under- 
goes a change fimilar to that which is produced 1 in 
the blood, by the proceſs of reſpiration ; in conſe- 
quence of which, its capacity for containing heat 
is increaſed,” It, therefore, will not give off any 
part of irs abſolute heat, bur, like the blood 
in its paſſage thro' the lungs, it will abſorb heat. 
The calx of iron, for example, is found to con- 

fain more than twice as much abfolute heat, as 
the iron in its metallic form ; from which it fol- 
lows, that, in the proceſs of inflammation, ' the 
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former muſt neceſſarily abſorb a quantity of heat, 
equal to the exceſs of its heat above that of the 
latter. Now from whence. does it receive this. 
heat ? It cannot receive it from the iron, For 
the quantity of heat in the calx, is more 
then double of that which was contained in the 
iron, previous to the calcination. | 

But in the burning of iron, the phlogiſton is is 
| ſeparated from the metal, and combined with the 
air; and it has been proved, that, by the com- 
bination of phlogiſton with air, a very intenſe 
heat is produced. From hence it is manifeſt, 
that, in the inflammation of iron, the atmoſphe-. 
rical air is decompoſed, a very great proportion 
of its abſolute heat is ſeparated, part of which is 
abſorbed by the calx, and the reſt appears in the 
form 9% Bins, or becomes moving and ſenſible 
heat. 

We. may: 8 therefore, that the ſenſible 
heat which is excited in combuſtion, depends 
upon the ſeparation of abſolute heat from the 
air by the action of phlogiſton. | 

In confirmation of this concluſion, it may be 
proper to add, that, (if we except the change 
that the air undergoes in the proceſs of rel pi- 
ration, in which the heat is abſorbed) the ſudden 
converſion of atmoſpherical, into fixed and phlo- 
giſticated air, is invariably accompanied with 
the production of ſenſible heat. Thus ſenſible 
Aeat is Produced when common air is mixed with 

nitrous 
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nitrous air, when it is exploded with inflammable 


air, when it is diminiſhgd and rendered noxious, ' 


by putrefaction, by combuſtion and by the elec. 
tric ſpark, If the quantity of air which is 
changed, by theſe proceſſes, in a given time, be 
very great, the change is attended with much 
light, with a vivid flame, and with intenſe heat; 


but if the alteration in the air be flow and gra- 


dual, the heat paſſes off ihpercepribly” to the 
ſurrounding bodies, ©* * 2 War 


It appears, upon the whole, that cate 
cal air contains, in its compoſition, a great quan- 
tity of fire or of abſolute heat. By the ſepara- 


tion of a portion of this fire in the lungs, it fup- 


ports the temperature of the arterial blood, and 


thus communicates that pabulum vite, which is 
ſo eſſential to the preſervation of the animal 


kingdom. And, finally, by a fimilar proceſs, 
it maintains thoſe natural and artificial fires, 
"which ate excited by the inflammation of com- 
buſtible bodies. 

Aſſuming this doctrine as true, 1 ſhall next 
endeavour to ſhew, that it affords an eaſy ſolution 


of the moſt remarkable facts, relating to an 
heat and b 


er. 


nocd : . | $0 J 
0 the inept Falls relating to Animal Heat, 


"HE above doftrine explains the reaſon 
why the breathing animals have a high- 
er temperature than thoſe who are not. furniſhed 
with reſpiratory organs; for it has been proved 
that the former are continually abſorbing heat- 
from the air: And, it is probable, chat, to pro- 
vide an apparatus for the abſorbtion of heat, 
was the chief purpoſe of nature, in giving to ſo 
great a part of the animal creation, a pulmonary 
ſyſtem and a double circulation. 
We have ſhown that animal heat, and the in- 
flammation of combuſtible bodies, depend upon 
the ſame cauſe, that is, upon the ſeparation af 
abſolute. heat from the air, by the action of phla- 
giſton. 
The quantity of air phlogiſticated = a man in 
a minute, is found, by experiment, to be equal 
to that which is phlogiſticated by a candle, in the 
ſame ſpace of time. Ang henge a man is con- 
tiaually deriving as much heat from the air, as 
is praduced by the burning of a candle. 
It is remarked by naturaliſts, that the cold ani- 
mals haye alſo the power of keeping themſelves 
at 


(81) 
ata temperature, ſomewhat higher than the ſur? 
rounding medium. To account for this, we 
may obſerve, that animal heat depends, indirectly, 
upon a change produced in the air by reſpiration, 
and directly upon a change which the blood un- 
dergoes in the courſe of the circulation. 

In conſequence of the tendency of the ſyſtem 
to putrefaction, the blood is impregnated with | 
phlogiſton, -and by this impregnation is obliged | 
to give out a part of its ablolute heat. The | 
ſource; from which it is again ſupplied with heat, | 
in ſuch of the cold animals as are not furniſhed | 


with lungs, can only de determined by experi- 
ment. It is probable, that, in thoſe animals, the 
aliment contains more, abiolute heat than the 
blood. If this be the caſe, the blood * be 
ſupplied with heat from the aliment. Ji ll 
2. From the experiments in e rooms, it 
appears, that the animal body has, i in certain ſitu- 
ations, the power of producing cold, or of ketp-- 
ing itſelf at a lower men than the ſurt 
rounding medium. 

This power has been attributed by * pla 
loſophers to the evaporation from the ſurface of 
the body; and indeed it muſt be allowed, that the 

increaſed evaporation, will have a very conſiderable 
influence in diminifhing the heat. But the expe- 
riments which have been related above, point 


out another cauſe, which, I apprehend, conſpires 
in producing the ſame effect. 
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By the heat of the ſurrounding medium, the 
evaporation from the lungs is increaſed, Now 
it may be ſhown, that if the evaporation from the 


lungs be incteaſed to a certain degree, the whole 


heat which is ſeparated from the air, will be ab- 
forbed by the aqueous vapour. 

From the calculation in Sect. III. page 71. it 
appears, that the capacity of the blood for con- 
taining heat, is ſo much increaſed in the lungs, 
that if its temperature were not ſupported by the 


| heat which is ſeparated from the air, in the proceſs 


of reſpiration, it would fall from 96 to 66. Hence 
if the evaporation from the lungs be increaſed to 
ſuch a degree, as to carry off the whole of the 
heat that is detached from the air, the arterial 
blood, when it returns by the pulmonary vein, 
will have its ſenſible heat greatly diminiſhed, and 
will, conſequently, abſorb heat from the | veſſels 
which are in contact with it, and from the patts 
adjacent. And thus the very ſame proceſs which 
formerly ſupplied the animal with heat, will now 
become the inſtrument of producing cold, and 


the quantity of cold produced, wilt be in pro- 
portion to the velocity of the blood through the 


lungs, and the Kg and tac a _— the re- 
n. 


Hence 1b we © ey partes the _ why 


"the heat of animals is nearly the ſame, in all parts 
of the earth, an the very great va- 
FETs riations 


4 
3 
I 


n | 
riations in the heat of the atmoſphere, atifing 


from the viciſſitudes of the weather, and the oy 


ference of ſeaſon and climate. 

The quantities of heat. loſt by bodies, hin 
heated and placed in the cold air, are in propor- 
tion to the exceſs of their ſenſible heat, above 
that of the ſurrounding atmoſphere, The heat 
of the human body is very nearly, at all ſeafons 
of the year, 96; and, conſequently, other cir - 
cumſtances continuing the ſame, the quantity 
of heat loſt in a given time, when the air is at 
36, will greatly exceed that which is loſt in an 
equal portion of time, when it is at 66. It is 


8 therefore, neceſſary, that, in the former caſe, a 


greater quantity of heat ſhould be abſorbed from 


the air to ſupply the waſte. 


To account for this, we may obſerve, that, by 
the tonic and ſtimulant powers of cold; the vi- 
gour of the animal body is increaſed, The 
veſſels on the ſurface are conſtricted. The blood 
is determined to the lungs. The pulſe and the 
reſpiration are rendered full and frequent, And 
hence, as the cold advances in winter ſeaſons, 
and in northern climates, the quantity of heat 
abſorbed from the air is proportionably in- 
creaſed. 

In ſummer, the blood is determined to the 
ſurface, the velocity of the circulation. through 
the lungs, is diminiſhed, and hence, a propor- 

tionable 


rr 

tionable diminution in the quantity of heat ab- 
ſorbed. We may add to this, that, if the quan- 
tity of beat abſorbed by the vapour, which is 
exhaled in reſpiration, be ſo great, as that.the 
remaining portion of the heat depoſited by the 
air, is not ſufficient to ſupport the temperature 
of the arterial blood, ſome degree of cold will 
be produced in conſequence of the change which 
the blood undergoes in the lungs. 

As animals are continually abſorbing heat from 
the air, if there were not a quantity of heat 
carried off, equal to that which is abſorbed, 
there would. be an accumulation of it in the 
animal body. I he evaporation from the ſurface, 
and the cooling power of the air, are the great 
cauſes which prevent this accumulation, And 
theſe are alternately increaſed and diminiſhed, 
in ſuch a manner, as to produce an equal effect. 
When the cooling power of the air is diminiſhed 
by the ſummer heats, the evaporation from 
the ſurface is increaſed; and when, on the 
contrary the cooling power of the air is increaſed 
by the winter colds, the evaporation from the 
ſurface is proportionably diminiſhed, The in- 
fluence of this cauſe in preſerving the equality 
of heat in animals, was firſt ſuggeſted ro me 
by my ingenious friend, Mr. Cleghorn. 

3. Among different animals, thoſe are the 
hotteſt, which breathe the. greateſt quantity of 

air 
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air in proportion to their bulk ; and in the ſame 
animal, the degree of heat is in ſome meaſure 

Proportionable ro the deren? 0 air inhaled 1 in 
a given time. 

Theſe varieties appear to be the l con- 
Ae of the general fact, that the heat of the 
breathing animals is derived from the air. For 
if animal heat depends upon a change which the 
air undergoes in the lungs, it is evident that, all 
other circumſtances being equal, the greater the 
quantity of air which is changed in a given time, 
the greater muſt be the heat produced. 

In exerciſe, by the action of the muſcles, the 
venous blood is returned in greater quantities 
than uſual, from the extremities, to the right 
auricle of the heart. By the action of the heart 
it is determined to the lungs. The reſpiration 
is accelerated; the velocity of the circulation is 
increaſed; and hence, a proportionable increaſe 
in the quantity of phlogiſton diſcharged, and the 
quantity of heat abſorbed, 

The cold ſtage of fevers is preceded by lan- 
guor, a ſenſe of debility, and a diminution.in 
the action of the heart and arteries, The reſ- 
piration is ſmall, the pulſe is weaker than na- 
tural—the quantity of blood which paſſes thro? 
the lungs, in a given time, is diminiſhed—and 
hence leſs Phlogiſton will be diſcharged from the 

blood, 


0 


diodd, and, enge leſs heat vin be ſe⸗ 
Pe from the air. 

In the progreſs of ts cold fine; a ſpaſm is 
— upon the ſurface.* By the conſtriction 
of the veſſels on the furface, the blood is deter- 
mined to the heart. The heart is ſtimulated to 
more frequent and violent contractions. The 
velocity of the blood through the lungs is in- 
creaſed the reſpiration is accelerated; and 
Hence à greater quantity of heat will be abſorbed. 
We may obſerve, that the abſorption of heat, 
and the accelerated velocity of the blood through 
the lungs, will act and rea& upon each other, in 
ſuch a manner, as that the heat will have a con- 
Fant tendency to increaſe, For the accelerated 
velocity of the blood occaſions a greater abſorp- 
tion of heat; and the increaſed abſorption of 
heat, by ſtimulating the heart and arteries to 
more frequent and powerful contractions, will 
again accelerate the velocity of the blood, which 
will ſtill farther increaſe the abſorption. And 
therefore, the heat will continue to be accu- 
mulated, till counteracted by the operation of 
ſome other cauſe. From the ſudden diminution . 
in the weight of the body, notwithſtanding 
the quantity of watery fluids that are taken 
ip, and the obſtruction of the urinary ſecre- 

tion, 


® See Cullen's firſt Lines of the Practice of Phyſick. 
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tion, it appoars, that, in the hat ſtage of fer 
vers, there is a very great evaporation from 
_ the ſurface; we may, therefore, conclude, that 
this is one of the means which Nature employs, 


for moderating the heat, and reſtraining the vide 


lence of the diſeaſe, 

Another cayſe which proenta the accumula- 
tion of heat, is the cooling power of the exter- 
nal air. We have. already obſerved, that the 
quantities of heat loſt by a body in a given time, 
are in proportion to the exceſs of its heat, aboye 
chat of the ſurrounding mediym, . 

If, therefore; the ſenſible. heat of the body 


| jncreaſe, while the temperature of the air con- 


tinues the ſame, the quantities of heat carried off 
by-the latter, in a given time, will be df 
tionably increaſed, | 

In putrid fevers, to the accelerated wad 


al the blood through the lungs, there is added 
a putreſcent ſtate of the ſyſtem; in conſequence 


of which, the air inhaled in inſpiration, will be 
more copiouſly ſupplied with phlogiſton, than 


when the body is in a ſound and healthy ſtate. 


If, in the latter inſtance, the air which is re- 
ceived into the lungs, were completely ſaturated 
with phlogiſton, the quantity of. heat ſeparated 
from it, would always be proportionable to the 
quantity of air inhaled in a given time. But ic 
appears from experiment, that the air which is 

expired 
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expired by a healthy animal, is not completely 
ſaturated with phlogiſton. It is capable of 
being farther diminiſhed by nitrous air, and not 
more than the eighth part of it conſiſts of fixed 
air The quantity of heat, therefore, which is 
ſeparated from the air in reſpiration, will be partly 
in proportion to the quantity of air inſpired, 
and partly to the quantity of phlogiſton diſ- 
— from the blood, in a given time. | 

In fevers of the putrid kind, as the ſolid and 
Avid. parts of the ſyſtem are in a putreſcent ſtate, 
and, conſequently, retain their phlogiſton with 
leſs force, a greater quantity of this principle 
will be diſcharged from the lungs, the air will 
be more copiouſly ſupplied with it in the pro- 
ceſs of reſpiration, and will, therefore, impart 
to the blood a greater proportion of its abſolute 
heat. To theſe cauſes it is probably owing, 
that the heat of the human . never "a 0 
high as in putrid fevers. 
4. Topical inflammation is ccech)badicd with 
redneſs, with tumour, and with unuſual heat.“ 
From the throbbing of the veſſels, and from 
microſcopical obſervations, it appears, that the 
velocity of the blood through the part inflamed, 
is accelerated; and it is manifeſt, that a ten- 
dency to putrefaction muſt be produced by the 
violent reaction, and by the ſtagnation of the 


ſerous 
dee Cullen's firſt Lines of the Practice of Phyſick, 
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vhich is ſometimes effuſed into the adjoining cel · 
lular texture. It has been already obſerved, that 
che arterial blood has a ſtrong attraction to phlo- 
; giſton, and that by its union with this principle, 
in the courſe of the circulation, it is obliged to give 
out that heat which it had received in the lungs, 
In the ſtate of health, the velocity of the blood 
through the different parts of the ſyſtem; and'the 
| quantities of phlogiſton with which it is ſupplied 
in thoſe parts, are adjuſted to each other in ſuch a 
manner, that rhe heat is equally diffuſed over the 
whole. But, if by any irregularity; the balance 
be deſtroyed; if, by the increaſed action of the 
veſſels, the blood be urged with greater violence 
than uſual through any particular part, or, in 
conſequence of a greater tendency to putrefaction, 
be more copiouſly ſupplied with phlogiſton, it is 
manifeſt, that a greater quantity of heat will be 
extricated in that part, in a given time. This heat 
will ſtimulate the veſſels into more frequent and 
forcible contractions, by which the velocity of the 
blood, and the conſequent extrication of heat 
will be ſtill farther increaſed. On this principle 
we may probably account for the partial heats ' 
which are produced by topical inflammartions, 
and for thoſe which ariſe in hectic and nervous 
ü 07 
It will hereafter appear, that the heat b is accu- 


mates in topical inflammation, by the in- 
N creaſed 
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creaſed velocity of the blood through the' part 
inflamed, in the ſame manner as it is accumu- 
lated upon the fuel, in combuſtion, by directing 
a ſtream of freſh air into the fire. 


o the principal Fats relating to the Inflamma- 
tion of Combuſtible Bodies. 


1. We have proved, that the ſenlible heat in 
combuſtion is derived from the air, and depends 
upon the ſeparation of abſolute heat from this 
element, by the action of phlogiſton. From 
hence it is evident, that when the air, in which 
an inflamed body is confined, is ſaturated with 
phlogiſton, and deprived of the greater part of 
its abſolute heat, the ſource of inflammation 
will be exhauſted, and the flame will neceſſarily 
be extinguiſhed, And this explains the reaſon, 
why a conſtaat ſucceſſion of freſh air is neceflary 
to inflammation, as well as to the W of ani- 
mal life. 

2. It is highly probable, from Dr. Prieſtley's 
Experiments, that deplogiſticated air contains 
leſs phlogiſton, than any other ſpecies of air. 
And this concluſion will, I think, be farther 
confirmed, if we compare his Diſcoveries with 
the Experiments which haye been related above. 

> The 
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Tbe ſubſtances from which dephlogiſticated 
air is obtained, either contain in their natural 


ſat very little phlogiſton, or they are ſuch as 


ave the greater part of their phlogiſton ſepara. 
ted, by the force of fire, and by the action of the 
nitrous acid, 


We have ſeen that phlogiſton diminiſhes the 


abſolute heat of bodies; that dephlogiſticated air 


abounds with abſolute heat; that when a certain 
quantity of phlogiſton is added to this ſpecies of 
air, ſo as to reduce it to the ſtate of common air, 
its abſolute heat is proportionably diminiſhed ; 
and that when a ſtill greater quantity is added, ſo 
as to convert it into fixed and phlogiſticated 
air, it is in a great meaſure deprived of its abſo- 


lute heat, From all which it appears, that de- 


phlogiſticated air contains much abſolute heat and 
little phlogiſton. As the ſenſible heat which is 


produced by combuſtion, depends upon the 
ſeparation of abſolute heat from the air, by the 


action of phlogiſton, it is manifeſt that the leſs 


| phlogiſton, and conſequently the more abſolute 


heat, any ſpecies of air contains, the longer it 
muſt contribute to the ſupport of flame as well 
as to the preſervation of animal life, Agree- 
ably to this concluſion, we find, from Ex- 
periments I. and X. Prop. i. Sect. it, that de- 
phlogiſticated air contains nearly five times as 
much abſolute heat as common air. And Dr. 


Prieſtly 
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Prieſtly has ſhown, that five times as much ſen- 
ſible heat is produced by the converſion of it 


Into fixed and phlogiſticated air, as by that of 


common air; for a candle will continue to burn 


five times as long in the former, as in the latter 


ſpecies of ait: Add to this, that it burns with 
a much more bright and vivid flame; and as 
the quantity of phlogiſton is increaſed, the 
brightneſs and vivacity of the flame diminiſh, 


_ till at length the air becomes ſaturated with this 
principle, and the flame is extinguiſhed, 


2, As the ſenſible heat, in combuſtion, depends 
upon a change produced 1n the air, by the phlo- 


giſton which is ſeparated from the inflammable 
body; it is manifeſt, that (all other circumſtan- 


ces being equal) the intenſity of the heat, muſt 
be in proportion to the quantity of air which is 


changed in a given time. And hence the heat 


may be increaſed to a very great degree, if a 


ftream of freſh air be directed upon the fuel, by 
bellows or by the blow pipe. 


We have found, that by the converſion of at- 
moſpherical into fixed air, a quantity of heat is 
diſengaged, which would be ſufficient to raiſe the 


air ſo converted to more than twelve times the 
heat of red hot iron. And indeed the degree 


of heat, excited by the inflammation of com- 


buſtible bodies, would not be lefs than this, if 


the fire that is thus extricated, were applied to 
the 
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the fixed air alone, and were to remain in the 
ſame concentrated ſtate, in which it is at firſt 
ſeparated from the atmoſpherical air. 
But as ſenſible heat has a conſtant tendency to 
an equal diffuſion, it will inſtantly flow from the 
point inflamed, and ſpread itſelf over the ſur- 


rounding bodies, It will be accumulated upon | 


the fuel, abſorbed by the vapour, and communi- 
cated to the atmoſphere: And from the princi- 
ples which have been eſtabliſhed above, it is ma- 
nifeſt, that the ſame heat which raiſes fixed air 
13400 degrees, would raiſe an equal quantity of 
| atmoſpherical air, only the .*, part of 13400, or 
200/ degrees. This explains the reaſon, why 
the heat is ſo intenſe in the flame of a candle, 
and is fo greatly diminiſhed at the ſmalleſt 
diſtance from the flame, 

4. Tho! it is highly probable that all bodies 
have their capacities for containing heat changed 


in conſequence of the addition or ſeparation of 


phlogiſton, yet from the experiments which 
have been recited above, it is manifeſt, that the 


degree of this change is very different in differ- 


ent bodies. We have ſeen that the capacity of 
the calx of iron is to that of iron, as g1 tot; 


'that the capacity of minium is to that of lead, 
as 19.9 to 14.7 ; that the capacity of the calx of 
antimony is to that of the regulus, as 11.6 to 


393 


1 
—— x — — — 


( „ 


8-93 and that the capacity of arterial blood i is 
to that of venous, as 11+ to 10. 

It appears, moreover, that different quantities 
of phlogiſton, are required to ſaturate different 
bodies. Some of the metals abound more with 
this principle than others. The quantity of 
phlogiſton which is required to ſaturate dephlo- 
giſticated air, is much greater than that which 
will ſaturate common air; and a greater quan- 
tity of phlogiſton is required to ſaturate common 
air, than an equal weight of arterial blood. 8 

From theſe facts it follows, that when phlo- 
giſton paſſes from one body to another, the 
changes in the capacities of the hodies for con- 
taining heat will be different, and unequal quan- 
tities of matter will be changed in a given time. 
Thus, in reſpiration, the phlogiſton is ſeparated | 
from the blood and combined with the air. The 
diminution which is produced, by this proceſs, - 
in the capacity of the air for containing heat, is 
greater than the increaſe in that of the blood; 
and as more phlogiſton is required to ſaturate 
atmoſpherical air, than an equal weight of arte- 
rial blood, the quantiiy of the latter which is 
changed in a given time, will be greater = 
that of the former, 

When two contiguous bodies, at” the ſame 
moment, haye their capacities for containing 
heat reſpeRively increaſed and diminiſhed, if the 
changes be ſuch, that the whole heat t ſeparated | 

from, 


i 
from the one is abſorbed by the other, no ſen; 
fible heat or cold will be produced. 

I ſhall proceed to determine the caſes in which 
this will happen, having firſt pointed out ſome 
of the chief circumſtances, by which, the ſen- 
| fible heat of bodies, the capacities for containing 
heat, and the abſolute heat contained, may be 
diſtinguiſbed from each other. 


The capacity for containing heat, and the ab- 


ſolute heat contained, are diſtinguſhed as a force 
from the ſubject upon which it operates. When 
we ſpeak of the capacity, we mean a power in- 
herent in the heated body; when we ſpeak of the 
abſotute heat, we mean an unknown principle, 
which is retained in the body, by the operation 
of this power; and when we ſpeak of the ſen- 


fible heat, we conſider the unknown principle 44 


producing certain effects upon the ſenſes wc 
the thermometer, 

| The capacity for containing heat may conti- 
nue unchanged, while the abſolute heat is varied 
without end. If a pound of ice, for example, 
be ſuppoſed to retain its ſolid form, the quantity 
of its abſolüte heat will be altered, by every in- 
creaſe or diminution of its ſenſible heat : but as 
long as its form continues the ſame, its capa- 
city for receiving heat will not be affected by 
an alteration of temperature, and would remain 
unchanged, though the body were wholly de- 
Prived of its heat. 


The 
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The alterations which are produced in the 
ſenſible heats of different bodies, by given quan- 
ties of abſolute heat, are greater or leſs, according 
as the body, to which the heat, is applicd, has a 
leſs or greater capacity for containing heat. Thus 
it has been proved, that if a quantity of heat be 
added to a pound of water, which is ſufficient 
to produce an increaſe in its temperature as 1, 
the ſame quantity of heat being added to a pound 
of antimony, will produce an increaſe as 4. The 
body, therefore which has the leſs capacity for 
containing heat, has its temperature more aug- 
mented by the addition of a given quantity of 
abſolute heat, than that which has tke greater. 
Hence the ſenſible heat of a body depends partly 
upon the quantity of its ad/olute heat, and partly 
upon the nature of the body in which this heat 
is contained, and conſequently the ſen/ible beat 
may be varied, either by a change in the nature 
of the body itlelf, or by a change in the quan- 
tity of its abſolute heat, If the variation of ſen- 
ſible hear ariſes from the firſt of theſe circum- 
ſtances, it follows, that, in the ſame body, the 
ſenſible heat may vary, though the abſolute beat 
continues the ſame, * 

The following Proportions obtain, with reſ- 
pect to the capacities, the ſenſible heats, and the 
quantities of abſolute heat. | 

The 


—_— OI — —-—ę 2 Ie — cb es 2. Seer re ER — 


| 
4 
l 
' 


* See the obſervations on fixed and atmoſpherical air, venous 
and arterial blood, page 70, 
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The capacities of bodies for receiving hear, 
are conſidered as proportianable to the quanti- 
ties of abſolute heat which they contain, when 
the quantities of matter are equal, and the tem- 
peratures are the ſame. Calling, therefore, the 
ſenſible heat S, the capacity C, and the abſolute 
heat A, if the quantites of matter, and the ſen- 
ſible heats be given, the capacities will be as the 


abſolute heats; or if S be given A will be as 


C. Again, it has been ſhown, that, in the ſame 
body, if the form remain unchanged, or, in other 
words, if the capacity be given, the quantity of 
abſolute heat will be in proportion to the ſenſible 


heat. That is, if C be given, A will be as 8. 


Since, therefore, if S be given, A will be as C, 


and if C be given, A will be as 8, it follows 


that if neither be given, A will be as SXC, 
Therefore, C will be as 2. and if A be given, 
C will be reciprocally as S. Conſequently, if 
the capacities be reciprocally as the ſenſible 
hears, the quantities of abſolute heat will be equal. 
Thus, if the capacity of the calx of antimony be 
to that of the en as 3 to 1, and if the ſen- 


ſible heat of the former be to that of the latter 


1 to 3, the calx and regulus will contain equal 
quantities of abſolute heat. 


0 „ 


The ſenſible heat is here ſuppoſed to be computed from the 
* of total privation, 
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It appears, therefore, that in heterogeneous , 
bodies, if the ſenſible heats be different, the capa - 
eities may vary, though the ab/9/ute heat be the 
fame. And it is manifeſt from the foregoing ex- 
periments, that, in ſuch bodies, if the capacities 
be different, the abſolute beats may We though | 
the ſenſible beat be the ſame, 

Theſe obſervations being premiſed, the caſes 
in which no ſenſible heat or cold will be produ- 
ced, by the paſſage of phlogiſton from one. body 


to another, may be determined 1 in the nn. l 
manner, | 


PROPOSITION I. 
LET there be two 


bodies, A and B, which A B 
have their capacities cCO@c KO Ot 
for containing heat H h F Pp 


changed at the ſame 
moment, the capacity of A being diminiſhed, 
and that cf B increaſed, let the capacity 
of before the change, be denoted by C, 
and after the change, by c; the capacity of B 
before the change by k, and after the change by 


K. Then C—c will be the difference of the ca- 
pacities of A before and after the change; and 
Kk the difference of the capacities of B. It 
is affirmed, that, if the temperatures and the 
quantities of matter changed 1 in a given time, be 

equal, 
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equal, the differences of the capacities will be ay } 


the differences of the. abſolute heats. 


For the capacities of bodies for receiving heat, 


are eſtimated (as was obſerved above) by the 
comparative quantities of abſolute heat which they 
are found to contain, when the quantities of mat- 


ter are equal, and the temperatures are the ſame, - 


The temperature and the quantities of matter, 
therefore, in A and B being equal, the capacities 
will be directly as the abſolute heats. If the 


abſolute heat of A be double that of B, the ca- 


pacity will be double, if triple, triple, &c. 
And therefore, calling the abſolute heats of A 
and B before the change, H and p. and after the 


change h and P, it will be, C: C:: H: h. And 
by canyerſion'C—c : c:: H—h: h. For the 
ſame reaſon K— k: k: : P—p: p. But be- 
cauſe the quantities of matter in A and B are 


equal, and the bodies before and after the change 
are conceived to be brought to the ſame tem- 
perature, it will be, c: K:: h: p. 
Since therefore Cc :c : k: K—k 
and Hh: h: p: Pp, by , 

Cc: K—k : : Hh: P—p 

That is, the diGerevces of the capacities are as 
the differences of the abſolute heats, the tem- 
peratures and the quantities of matter being 


equal. 


PR O- 


PROPOSITION II. 
1 F the differences of the capacities be equal, 
the differences of the abſolute heats will be as 

the quantities of matter. 

The ſame things 1 3 

raining as above, i 
the quantities of ti 90 65 e 
ter in A and B be equal, 
C=c:K—k::H—h:P—p. 

Let the quantity of matter in A T 
be increaſed, in any proportion, as 
in Fig: 3, and, after the increaſe, let Þ I 
it be called T. Let the abſolute R r 
heats be denoted by R and r, and the quantities 
of matter in A (or B) and T, by q and Qreb- 
pectively. 

Since the capacities of A and T are equal, the 
abſolute heats before the change, will be as the 
quantities of matter. Therefore H: R:: q: Q. 
For the ſame reaſon the abſolute heats, after the 
change, will be as the quantities of matter. That 
is, h: T:: ꝗ: Q. Therefore, H: R:: hr, 


® In this and the following propoſition, the bodies are ſuppoſed 
to be brought to the ſame common temperature before and after 
the change. 
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and H: h:: Rr, and Hh: R: : R—rrn 
and H—h: R— Tr:: h: T. But h: r :: g: 
Therefore H—h : R—x ::q: Q. But TT 
equal to Pp. Therefore P- pP: R:: q: 
Q. And hence the differences of the capaeities 
being equal, the differences of the abſolute * 
will be as the quantities of matter. 


- * 


PROPOSITION HI. 


IF the differences of the abſolute bea be 
equal, the differences of the capacities will 
b e reciprocally as the quantities of matter. 
For, by the firſt! propoſition, the CC) e 
quantities of matter being given, the H h 
differences of the abſolute heats are directiy as the 
differences of the capacities; and, by the ſecond 
propoſition, the differences of the capacities be; 
ing given, the differences of the abſolute heats 
are as the quantities of matter; it follows, that 
neither being given, the differences of the abſo« 
Jute heats, are as the differences of the capa- 


cities multiplied into the quantities of matter, 


That is, H—h is as C- X Q, Therefore 
C c will be as 2 and if H—h be given, 


C c will be reciprocally as Q. Conſequencly if 
the differences of the abſolute heats be equal, the 
differences of the capacities will be reciprocally 
as the quantities of matter, 
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Cos. I. It is, therefore, required, in order 
that neither heat nor cold ſhould be produced, 
that the differences of the capacities ſnould be re- 
ciprocally as the quantities of matter changed in 
a given time. For in that caſe, by the converſe 
of this propoſition, the differences of the abſo - 
lute heats will be equal. 

Cor. II. See the fig. Prop. I. If, therefore. the 
diminution in the capacity of A, be to the in- 
creaſe in that of B, in a greater proportion, than 
the. quantity of matter in B to that in A, the 
whole of the heat which is ſeparated from A will 
not be abſorbed by B, a part of it will become 
redundant, or will be converted into moving and 
ſenſible heat. 

Cor. III. The differences of the capacities be- 
ing reciprocally as the quantities of matter, if the 
quantities of matter changed in a given time be 
equal, the differences of the capacities will be 
equal. 0 

Cox. IV. See the fig. Prop. I. If the quan- 
nities of matter changed be equal, and if the heat 
of A, after the change, be equal to that of B pre- 
vious to the change, that is, if h be equal to p, 
in order that neither heat nor cold ſhould be pro- 
duced, it is required that P ſhould be equal to 
H. For in that caſe H—h = P- p. 

Cor. V. The ſame things being ſuppoſed, if 
h be leſs than p, then P muſt be greater than 


H. 
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H, and P will be equal to H p—h. For io 
that cafe H—h will be equal to P- p. , 
Cor. VI. If h be greater than p, P muſt be les 
than H, and P will be equal to H=h—p.. For 
ſubtracting h—p from H, we have H=h ＋τ pf 
P. And, therefore, P=p = H—h. | 
The rule which is expreſſed in the firſt _ 
lary, applies to the ſeparation of heat from the 
air, and the ablorption of it by the blood, in 
the proceſs of reſpiration. For as the ſenſible 
heat in the lungs, is not greater than in the 
other parts of the body, it is manifeſt, that the 
whole of the heat which is ſeparated from the 
air muſt be abſorbed. And therefore the changes 
produced by the paſſage of the phlogiſton, from 
the blood to the air, are ſuch, that the difference 
of the capacities of venous and arterial blood, 
is to the difference of the capacities of fixed and 
atmoſpherical air, as the quantity of air changed 
in a given time, is to that of blood: in which 
caſe, by the above corollary, no part of the hear 
will become redundant. The oppoſite changes, 
therefore, which the air and the blood undergo ig 
the lungs, preciſely balance each other. For as 
the quantity of blood, which is altered by te- 
ſpiration, in a given time, is much greater than 
that of air, ſo the change which is produced in 
the air, during this proceſs, is proportionably 
greater than that which is produced in the * 
| = he 
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The rule which is expreſſed in the ſecond 
Corollary applies to the ſenſible heat produced 
in the courſe of the circulation, and to that 
' which is produced by the inflammation of com- 
puſtible bodies. As we find, for example, that 
a part of the heat which is diſengaged from the 
blood, in its progreſs through the ſyſtem, be- 
mes redundant, we may -conclude, that the 
diminution in the capacity of the blood, is to 
the increaſe in the capacity of thoſe parts of the 
body from which it receives the phlogiſton, in a 
greater proportion, than the quantity of matter 
in the latter to that in the former; in which 
caſe, the whole of the heat ſeparated from the 
blood will not be abſorbed; a part of it will be 
converted into moving and ſenſible heat. 

That this rule is alſo applicable to the inflam- 
mation of combuſtible bodies, appears from the 
following experiments and obſervations. . 

In the burning of oil, the phlogiſton is ſepa- 
rated from its former baſis, and combined with 
the air, The air is converted into fixed and 
phlogiſticated air—the oil into vapour, By this 
proceſs, the capacity of the air for containing 
heat is diminiſhed, and that of the oil increaſed. 
And, therefore, from the firſt and third Corolla- 
ries, it follows, that if, in the inflammation of 
oil, equal quantities of air and oil were changed 
in a given time, and if the difference of the ca- 

: Pacities 


5 > 8 
(108) 


pacities of oil and the vapour of oil, were equal | 
to che difference of the capacities of fixed and 


herical air, the whole heat ſeparated from 


the air, would be abſorbed by the vapour. 


The difference of the capacities of fixed and 
ee air is 66. The capacity of oil is 
to that of fixed air, nearly as three to one; and, 
therefore, by the leu Corollary, if the whole 
heat ſeparated from the air were abſorbed, and 


if the quantities of air and oil changed in a given 
time, were equal, the capacity of the vapour 


of oil would be equal to 67 43-1. It would be 
to that of atmoſpherical air, as 69 to 67. But we 
have ſeen in the above Experiments, that a pint 
of armoſpherical air communicates one degree of 

heat to a pint of water, 'the difference of rempe- 
rature being fifty; and that, in the ſame circum- 


| ſtances, the quantity of ſenſible heat communi- 
cated by a pint of the vapour, produced by the 


inflammation of oil, is fo ſmall, that it net | 
be meaſured by the thermometer. 
In the ſecond place, ſuppoſing that Amos N 
rical air has a greater capacity for containing 
heat, than the vapour of oil, if the quantity 
of oil changed in a given time, were propor- 
tionably greater than that of air, in this caſe, 
as appears from the third Propoſition, the whole 
heat ſeparated from the air, would be abſorbed. 
The comparative quantities of air and oil, 


Which 


(ic) 


which were —_ by combuſtion, in a given 
time, were determined in the c e, man · 
naar! 

A candle, par TR ks * ces 0 | 
burning with a large wick, was-found.' to lafe a 
fourth of an ounce in twenty-four minutes, or 
_ five grains in a minute. Now, if a candle con- 
ſumes a gallon af air in a. minute, and if the 
one- eigkth part of this conſiſts of fired air; it 
follows, that about eight gtains of fixed air, 
will be produced by the burning of à candle, 
in 4 minute. From which it appears, that the 
quantity of air changed in a given time, is 

X much greater than that of oil; and it has been 
already proved, that the diminution in the capa- 
city: of the air for containing heat, is alſo greater 
than the increaſe in that of the oil; we may, 
therefore, conclude, that only a ſmall part of the 
heat ſeparated from the ait will be abſorbed ; 
the reſt will be converted into ſenſible heat. 

To place this in another light: if, during the 
inflammation of oil, the whole heat ſeparated 
from che air, were abſorbed by the vapour, it 
would follow, that the oily vapour mixed with | 
the fixed and phlogiſticated air, which are pro- 

dueed by the inflammation of a grain of oil, 

would contain as much abſolute heat, as an 
equal quantity of atmoſpherical air, mixed with 
a grain of oil. Now it it is well known, that when 
1 a candle 


. ee 


denne du ufferetl to burn out in air, the whole 


maſs of fixed and phlogiſticated ait and oily vapour; 


is contained in leſs ſpace, than the atſmoſpherical 
air, previous to the inflammarion. And yet it ap- 


prars, from Experiments I. and VI. Prop. I. 


Sect. II. chat a pint of this compound, contains 


much leſs abſolute heat _ a m_ of atſmo- 


-e air. 
1 have made ſeveral 88 to Ae 8 


the quantity of air which is phlogiſticated by. the 
calcination of iron; and have reaſon to believe, 


that it is at leaſt equal to the quantity of metall 


calcined 5 from which we may — the heat 
produced by that proceſs, 
The capacity of atmoſpherical is to that of 


fined: dir; 28 67 to 1; or as 147.4 to 2.2: The 
capacity of fixed air is to that of iron, nearly as | 
2.2 to 1; and the capacity of the calx of iron 


is to that of iron, nearly as 2.5 to 1. 
Calling, therefore, the capacity of —— 


' rical air, 147.4, and that of fixed air, 2.2, it 


appears from Cor. 6. Prop. III. that if the whole 
heat ſeparated from the air, were abſorbed by 


the calx, the capacity of the calx would be 


equal to 447.4 — 2.2—1=146.2. The heat of 
the calx would conſequently be to that of the 
metal as 146.2 to 1. But it is as 2.5 tor; 


and hence, the heat which becomes redundant 
during the calcination of iron, is to the original 


heat 


( 
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heat of the iron, as 143.7 to 13 and ir is to 
that of the calx as 143-7 to 2.5 or as 87.4 
to 1. | 
It has been before 7 8 "than 5 PO TER 
at the common temperature of the atmoſphere, 
contain at leaſt 200 degrees of hear. During 
the inflammation of iron, therefore, a quantity 
of heat becomes redundant, which would be ſuf- 
| ficient to raiſe the calx 200 degrees, multiplied 
by 57.4, or 11480 degrees. And hence we 
may account for the heat which is produced 
by the percuſſion of flint and ſteel. A par- 
ticle of the metal js ſtruck off by the force 
of the flint, ne phlogiſton is ſeparated from this 
particle, and is left at liberty to combine with 
the air, in conſequence of which a quantity of 
fire is diſengaged from the latter; and the heat 
which is produced during this proceſs, is ſo in- 
tenſe, that the particle of the metal, which is 
ſtruck off, is converted into glaſs, | 
Upon the whole, there is ſufficient evidence 
for concluding, in general, that the heat in com- 
buſtion, depends upon the ſeparation of fire 
from the air, by the action of phlogiſton; that a 
part of this fire is abſorbed by the body, which 
ſupports the inflammation ; and that the reſt 
becomes redundant, or is converted into ſenfible 
heat. It follows, therefore, that the quantity 
of fire which is ſeparated from the air, will be 


in 


T3... | 
in proportion to the quantity of * phlogiſton 
which is joined to it in a given time; and the 
degree of ſenſible heat which is produced, will 
be greater or leſs, according as a leſs or " 
greater quantity of this fire is abſorbed by the 
body, which diſcharges the phlogiſtoen. 
In the inflammation of alcohol and ſulphur, 
a very great proportion of the fire which is de- 
tached from the air, is imbibed by the aqueous 
and ſulphureous vapour; and, therefore, alco- 
hol and ſulphur burn with a pale and weak 
flame. On the other hand, thoſe inflammable 
bodies which produce little vapour, or which 
produce a vapour that is capable of abſorbing 
but little heat, as pit coal, oil, wax, phoſpho- 
rus, burn with a ſtrong and vivid flame; for, 
in theſe caſes, a great part of the fire which is 
yielded: by the air, is converted into * 
bene | 
> 2 thus endeavoured to account for the 
phenomena of combuſtion and of animal heat, 
from the general prinoiple, that the capacities of 
bodies for containing heat, are diminiſhed by 
the addition of N and increaſed by 
its ſeparation, ©, | 
On this principle, a variety of phenomena 
may be explained, beſides thoſe which have 
been already mentioned. 


When 
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When the nitrous acid is mixed; a oil 


ot 


E turpentine, the phlogiſton is ſeparated from 


the oil, and. combined with the acid; the lat - 
ter is forced to give out a portion of its 
abſolute heat z part of which is ab ſorbed by 
the baſis of the oil, and the reſt becomes redun+ 
dant, or is converted into ſenſible. heat. If the 


ae heat be increaſed to à certain degree, 


the phlogiſton will ſuddenly combine with the 
air, in conſequence of which a great quantity 


of fire will be extricated, and the whole will ex- 


plode, with a vivid flame, and with only 
heat. 

It is probable, chat the en of the pure 
nitrous acid contains as much abſolute heat as 
atſmopherical air: for the power of the former, 
in maintaining flame, is nearly as great as that 
of the latter. In the deflagration of nitre, the 
acid is converted into vapour; which being at 
the ſame moment combined with the phlogiſton 
of the coal, the fire is inſtantly diſengaged, an 


claſtic fluid is ſuddenly e and a. loud 


exploſion produced, 

- The ingenious Mr. Bewly has given the fol. 
lowing explanation of the ſpontaneous accenſion 
of phoſphorous. He ſuppoſes, with Dr. Prieſt- 
iy, that atmoſpherical air contains the nitrous 
acid, as a conſtituent — * obſerving 

that 


4 
. 
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* much heut aviſes from the ſudden ebnbin: 
tion of phlogiſton with this acid; he concludes 


that the phlogiſton of the phoſphorus is capable | 


of decompoſing the air; and that by the union 


of the phlogiſton with the aerial acid; a degree 


of ry AO. CAE g inflame the 
The experinients which Niue been decke 
above, ſvem to prove, as Mr. Bewley has ſup- 
poſed, that the production of heat is the neceſ- 
fary conſequence of the combination of phlogiſ- 
ton with air: Bur theſe experiments appear 
moreover to ſhew, that this heat ariſes from the 
ſeparation of a quantity of fire, which was con- 
tained in the air as a conſtituent principle, and 


which, in the proceſs of combuſtion, is detached 
from it, by the action of phlogiſton. 


Dr. Prieftly, has proved that the eleftric fuia 


is capable of communicating phlogiſton to at- 
moſpherical air, and of converting it into fixed 


and phlogiſticated air, This fact explains the 


cauſe of the heat Which is produced by the 
electrie ſpark. | 
Tf a great quantity of electrie matter be fug- 
| denly diſengaged | from a cloud or from the earth, 
it will extricate a proportionable quantity of 
fire in its paſſage through the air z and thus 
we may account for the ſudden riſing of = 


| C7 772 0 55 
thermometer” in the time. of - hunter 0 ' 
lightning. TE 

It is. found, FRE; chr the fu | 
* an earthquake may be imitated by a 
mixture of iron filings and brimſtone, made in- 
to a paſte with water, and buried in the earth. 
May not the heat which is thus — . | 
' Plained in the following manner? N | 
The attraction of the phlogiſton- on kd of 
the ſulphur, will be diminiſhed both by the at- 
traction of the iron to this acid, and by that of 

the water. In the degree of heat which is neceſ- 
ſary to the inflammation of ſulphur, atmoſphe - 
rical air is capable of ſeparating the phlogiſton 


from the vitriolic acid. Is it not probable that IF 


by the aſſiſtance of the iron and the water, it 
may be capable of producing this effect in the 
common temperature aß the atmoſphere ? If this 
be the caſe, ir follows, that by the action of the 
air, which is diffuſed through the ſubſtance of the 
earth, upon the phlogiſton of the ſulphur, and 
by that of the iron and water upon the acid, the 
ſulphur will be decompoſed; the air will wont 
Vith the phlogiſton; the iron with the acid; a 

quantity cf fire will be diſengaged from the for- 
mer, and an inflammable elaſtic fluid from the 
latter; and hence à commotion will be excited, 
accompanied with noiſe and the eruption of 
flame, reſembling the phenomena of an 1 


quake. 


: May 


regions where the ſubterraneous fires have been 
kindled, and if this matter be mixed with at- 
moſphetical air, or with ſubſtances, which, by the 


| 1g ) 
Ny bot « ſimilar mixture of ſulphuredus * 
. bodies be produced in conſequence of the 
changes which take place in the bowels of the 
earth? May not theſe bodies be brought into 
contact with the, water and the -atmoſpherical air 
which are diffuſed through the earth's ſubſtance; 


or lodged in cavities beneath its ſurface ? By the 
action of the air upon the phlagiſton, and of the 


water and the ore upon the acid, may not the 
ſulphur be decompoſed, as in the mixture of iron 


filings and brimſtone ? In which caſe a quantity 


of fire will bo diſengaged, and an elaſtic vapour 
produced, the latter of which, by its ſudden ex- 
panſion, will excite a commotion in the bowels 
of the earth, and will at length force its way 
ehrough-che ſuperincumbent ſtrata, -- 

It much combuſtible matter be waged in the 


application of heat, produce a fluid that is ca- 


pable of maintaining fire, the inflammation may be 


augmented to a prodigious degree, and the rarified 


vapours may carry along with them in their aſcent, 


a great quantity of ignited materials abounding 
with-phlogiſton, by the expoſure of which, the 


-phlogiſton will be diſcharged, and the flame ex- 


nne a large tract of air, 
In this manner we may probably account for 
voleanos, thoſe awful-inftances of combuſtion 
, © th which 


p_—_—_—_—————— _— 
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which are exhibited by nature in the foſſil. king: | 
n. 

It appears, open the whole, that variety of 
important effects are produced in the univerſe 


in conſequence of the. autual oppoſition of b 


jo and fire. 


| Vegetables are elaborated by the albiſtance of 
| heat and moiſture, from the elements of earth, 
air, and water, and by the action of the ſolar 
light, the principles of which the vegetable tribe 
is compoſed, are intimately combined with phlo- 
giſton, and are obliged to reſign a portion of 
their abſolute heat. In combuſtion, the phlo- 
| giſton is disjoined from its vegetable baſis, and 
is combined with the air; and thus thoſe artifi- 
cial fires are maintained which are ſo neceſſary in 
the economy of human affairs. In like manner, 
by the powers of animal life, the phlogiſton is 
ſeparated from the. blood and diſcharged by reſ- 
piration, in conſequence of which a quantity of 
fire is abſorbed from the air, and heat is commu- 
nicated to the animal kingdom. | 
The air which was tainted by coinduttion and 
reſpiration, is again purified by the growth of vo- 
getables ; + and if this effect be produced by the 
ſeparation of phlogiſton, it follows that ve- 
getation will reſtore to the air that heat which 
had been detached from i in che Proceſſes 
of 


6 The fame dofirine ſeems to afford an am of whe 
b cat which is produced by fermentation and putrefaction. 
See Dr, Prieſtley Experiments on Air, 
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given quantities of heat, are different; or, that, 


| of, eie 0 3 1 thus tha 
Principles of phlogiſton and fire, by the me- 


dium of atmoſpherical air, will. be continually 
circulating through the e and. vegetable 
Kingdoms. os ad 

It may be proper to obſerve, that the con 


| which j is. advanced. in the preceding pages, wi 
| ow. to the cauſe of animal heat and of com- 


buſtion, is. the reſult! of the general fact, that 


. which are produced. in the tempera- 
tures of different bodies, by the N 264 ty of 


the quantities of matter being equal, the ſame 
quantity of heat which raiſes, one body a certain 


number of degrees, will raiſe another, a greater or 
a leſs number, according to the nature of che 


body to which it is applied. This fact appears 
to have been ſufficiently verified by experiment: 


and, therefore, the conſequences which haye 
been deduced from it, muſt, I apprehend, be con- 
ſidered as well founded, whatever be. the hy- 


potheſis which we adopt concerning the ad * 
4 heat. 


For this reaſon, I have not entered 8 | 
enquiry, which has been ſo much agitated among 
the Engliſh, the French, and the 35 
loſophers, whether heat be a ſulſtance or a quality. 
It is true, I have, in ſome places, made uſe of 


expreſſions, which ſeem to favour the former 


of theſe Ane But my ſole motive for a- 


dopting 


dopting ee was FITS + 
to be more fimple and natural, and more cons 
{Alt to the facts which had Beem eſtabliſhed 
by ckperimetit, At dhe fame tithe; 1 am per- 
| 2 it will be found to be a very difficult 
Atet tö retoncile many of the phenomena 
th the ſuppoftion, that heat is à quality. It 
87 eaſy to Eonteive; upon” chis hypothelis, 
how heat can Be ſeparated from 2 8 by the 
additon of phlogiſton, or how the abſolute heat 
ein Be augmented by the ſeparation of this prin. 
eile; how the quantity of heat in the ait ean 
be diminiſhtec, ard chat in the blood, increaſed, 
1 though e ben or cold 
Pfd. 
©" Wheteas if we adopt the ofiinteny: that heat 
ſs x diſtinct ſubſtance, or ah element ful gener, 
the phenomena will be fund t6 adrfir of a firms = 
ple and obvious interpretation, and to be ** 
eki agreeable to the analogy of nature; 
""'Fite will de conſidered as un elementary 
principle which entets into the -cothpoſition of 
all known bodies. In conſequence of the addi- 
fion of phlogiſton, 2 portion of the fire will be 
Attached, in the ' ſame manner as the nitrous 
acid, is detached, by the vittivlic, from an earth 
or alkali; and therefore refpirarioit and com- 
ſtion will be truly chymical proceſſes ih 
which by the 8 of fire md = 


m 0 + ; 
. % 


> £ 


* 
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new 


4 — wi tales place, 40 05 


unds will be formed ; the blood}; vr. 
able body, parting wil 


hy kg: fire, and the atrhoſphericad'-gir 


iog wich Bre and receiving Phabgübeni 1! 


ah add, in the laſt place; that, If firwide - 
confidered as an element which is capableiof- 
uniting chymically with bodies, a table ag de 
formed exkibiting the reſpcQive" attractions of 
phlogiſton and fire. a ie nen 5 yided 


As phlogiſton ſeparates from bodies, a pave of 


their abſolute heat, ir ſhould} be placed at the 


head of the firſt column: And as we do not khow 


of any ſudleunces, that attract chis principles with = 
greater force than the earths of the perfect 
metals, theſe perhaps, ſhould ſtand immedi. 
ately under phlogiſton. In great degrees of 


heat, atmoſpherical air ſeparates phlogiſton from 


all inflammable bodies, and in the common 


temperature of the atmoſphere, from nitrous 


air and phoſphorus. 


If, therefore, the attractions be arranged as 


they take place in conſequence of the application 


of heat, under the earths of the perfect metals 
ſhould ſtand dephlogiſticated and atmoſpherical 
air; after which ſhould be placed, the baſes of all 
the inflammable bodies, diſpoſing them aceord- 

ing to tlie degrees of heat which are neceſſary to 
their inflammation, * combined with phlo- 


wr 3 


N 


* 


Principle. b. qoanyy 
it, which they are contain, when vl 


of matter are equal; Lade 9 x 
| tand phlogiſticated and atmoſpherit 13 
air the vapour of the nitrous acid, and pf. 
bably of ſome. other fluids--arterial”' 2 


#4 © * 
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It is manifeſt, aa chan much wine and® 


a ſeries of accurate experiments, would be re. 
guired in order to the * 
this ſubject. 
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| were inſtituted by Mr. Del 
„„ to determine the queſtion, whe 


: [the chermonere be an accurate meaſure of h 


or, in other words, whether the expanont uf | 
whe "Agid contaiged in 


nion to dhe quantities of Heat applied ? 5 * 


It was laid down as a principle, by this phi- 
beben that if equal quantities of the ſame 
fluid be mixed together at different temperatures, 
the heat will be 
| from which it was concluded, that a thermometer 
being immerſed in the warmer ſubſtance, and 
the colder, previous to the mixture, if its 

expanſions were in proportion to the quantities 
of heat applied, it would point, after the mix- 
ture, to the arithmetical mean, or to half the - 


difference of the ſeparate heats, 


Proceeding upon this pringiple, he found. 
thar when a given quantity of water at 32, was 
mixed with an equal quantity of the ſame fluid 
at 212, the mercurial thermometer, being im- 
merſed in the mixture, pointed to 180, or ta 
the arithmetical mean between 32 and 2122 
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